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SATURN ¥ LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-502 
APOLLO 6 MISSION 


BY 


Saturn Flight Evaluation Working Group 
George C. Marshal) Space Flight Center 


ABSTRACT 


Saturn ¥ AS-502 (Apollo 6 Mission) was launched at 07:00:01 Eastern Stan- 
dard Time on April 4, 1968, from Kennedy Space Center, Complex 39, Pad A. 
The vehicle tifted off on schedule on a launch azimuth of 90 degrees east 
of north and rolled to a flight azimuth of 72 degrees east of north. 


The actual trajectory parameters af the AS-502 were close to nominal until 
the premature shutdown of two engines in the S-I1 stage. After this 
occurred, the trajectory deviated significantly from the nominal through- 
out the remainder of the mission. 


Nine of the sixteen primary objectives of this mission were completely 
accomplished, six partially accomplished, and one (S-IVB restart) was not 
accomplished. One of toe two secondary objectives was completely 
accomplished, and one partially accomplished, 


Any questions or comments pertaining to toe information contained in this 
report are invited and should be directed to: 


Director, Gearge C. Marshall Space Fligit Center 

Huntsville, Alabama 35812 

Attention: Chairman, Saturn Flight Evaluation 
Working Group, R-AERO-F (Phone 876-4575) 
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MISSION PLAY 


AS-502 (Apollo 6 Mission) was the second flight vehicle of the Saturn ¥ 
Apolio flight test program. The basic purpose of che flight was to demon- 
Strate the compatibility and performance of the launch vehicle and the 
Apollo Command and Service Modules (CSM) for a future manned flight. 


The AS-502 vehicle was launched fron Launch Complex 39, Pad A at Kennedy 
Space Center (KSC) on a launch azimuth of 90 degrees, then rolled to 3 
Flight azimuth of 72 degrees. The S-f€ and S-]] stage powered flight 

times were to be approximately 147 and 368 secords, respectively. First 
S-IVB stage powered flight time was ta be approximately 138 seconds ter- 
minating with insertion into a 185.2 kilometer (100 n mi} circular 

parking orbit of the 5-IVB and spacecraft. Vehicle weight at parking 
orbit insertion was to te approximately 127,000 kilograms (280,000 Ibm). 
Approximately 15 seconds after first burn cutoff, the S-IVB was to align 
with the Toca? horizontal, then the vehicle was to roll 180 degrees to 
obtain a position ILI down configuration, In this configuration the 
vehicie woutd be subjected to a 20 degree pitch-down and a 29 degree 
pitch-up maneuver, then roll 180 degrees again to obtain the original 
position I down configuration. These maneuvers were to oroduce information 
on the S-1¥B restart bottle repressurization and propellant stosh excita- 
tion while qualifying these maneuyers for manned flight. On manned flights 
these maneuvers may be used to orjent tne astronauts for landmark tracking. 


Chilldown and reignition sequencing were ta begin between Hawaii and 
California during the second revolution and continue across the continenta? 
United States, After the restart preparation was initiated, an prientation 
maneuver was to be performed to yield the high apogee elliptical orbit 
after second burn, The S-IYB was to be reign*ted over KSC, near the end 
of the second revolution for translunar injection boost, and aimed at a 
target simulating the moon. This was in order to preclude hitting the 

moon while verifying lauach vehicle guidance technique. 


The S-I¥B second burn, which was to be approximately 318 seconds, was to 
terminate with the injection of the S-IVB/IU/CSM into an elliptical orbit 
with an apogee radius of approximately 528,024 kilemeters (285,110 n wi). 
FoTiowing S-I¥B second cutoff, the vehicle Was to coast on a simutated 
lunar trajectory for about 3 Minutes before separation. A pitch rotation 
of approximately 185 degrees was to be accomplished during this coast to 
postition the CSM for retrograde burn. After this rotation, the Spacecraft 
Lunar Module Adapter (SLA) panels were to open to free the CSM. Following 
CSM separation, the S-IVB was to be oriented to give satisfactory attituds 
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for ground communications, Four minutes and 40 seconds after S-IVB second 
cutoff, the Service Module Service Propulsion System (SPS) was ta begin 

a 254-second retrograde burn to retard the CSM onto an earth intersecting 
ellipse naving an apogee altitude of approximately 22,204 kilometers 
(11,989 n mi). 


About two hours after separation, the S-IVB was to be altgned by ground 
command with the Focal horizontal to test the ground command capability 
near the limit of S-I¥B stage active lifetime. The S-IVB was to reenter 
the atmosphere over the Pacific Ocean on the return leg of the high apogee 
ellipse, 


After SPS first cutoff, the CSM was te coast in the 22,204 kilometer 
(11,989 n mi) apogee orhit for about 6 hours, oriented to cold soak the 
heat shield, approximating lunar return thermal conditions. During de- 
scent portion of the orbit, the second SPS burn was to accelerate the 
CSM to the approximate lunar return velocity of 11,125 m/s (36,500 ft/s) 
with an inertial flight path entry angle of -6.5 degrees. The service 
module was to be jettisoned before reentry. The command module was to 
enter the atmosphere approximately 4 minutes after SPS cutoff and splash 
down near Hawai? at approximately 9 hours and 50 minutes after liftoff. 
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FLIGHT TEST SUMMARY 


The second Saturn ¥ Apollo space vehicle, AS-502 {Apollo 6 Mission’, was 
launched at Kennedy Space Center [KSC}, Florida on April 4, 1968 at 
07:00:01 Eastern Standard Time {EST} from Launch Complex 39, Pad A. This 
was the second mission to use a Saturn ¥ Yaunch vehicle with an un- 
manned block I Command Service Modute (CSM020i, and a Lunar Module Test 
Article (LTA-2R}. Nine of the sixteen primary abjectives were completely 
accomplished, six partially accomplished, and one (S-IVB restart) was 

nat accomplished. One of the two secondary objectives was completely 
accomplished, and one partially accomplished. 


The launch countdown was completed without any unscheduled countdown Folds. 
Ground systems performance was highly satisfactory, The relatively fow 
problems encountered in countdown were overcome suck that vericle laurcr 
readiness was not compromised. 


The vehicle was launched on an azimuth of 90 degrees east of north and 
after 11.1 seconds of vertical flight, (which incluced a small yaw 
Maneuver for tower clearance) AS-502 becan to roll into a flight azi- 

muth of 72 degrees east of north. Actual trajectory parameters af the 
AS-502 were close to nominal until the premature shutdewn of two engines 
on the S-II stage. After this premature skutdcown, the trajectory deviated 
significantly from the nominal throucho.t the remainder af the mission. 
Space-fixed velocity et $-IC Qutbeard Ercire Cutcff (CECO) was 7.28 m/s 
(23.89 ft/s) greater than nominal. At S-II Engine Cutoff (ECO) the 
space-fixed velocity was 102.3€ m/s (325.82 ft/s) less than nominal and 
the altituce was 6.39 kilometers (3.45 n mi) higher than nominal. At 
S-IVB velocity cutoff commard the space-fixed velocity was 48.94 m/s 
(160.8€ ft/s} oreater than nominal. The altitude at S-IVB velocity cut- 
off commard was ©.7% kilometers (C.42 nm mi) lower than nominal and the 
surface range was 498.46 kilometers (269.15 n ri} tonger than nominal. 
Parking orbit insertien conditions deviated considerably from nominal 
tecause af anomalies that occurred during the powered portion of flight. 
The space-fixed velocity at insertion was 48.16 m/s (158.00 ft/s) 

greater than norinal and the flight path angle (elevation of $pace-fixed 
velocity vector fro local horizontal) was 0.378 degree less than nominal. 
These conditions produced an orbit which was quite elliptical with an 
eccentricity 0.0138 greater than nominal. The resulting apogee of the 
parking orbit was 172.54 kilometers (92.63 n mi} higher than nominal, 

and the perigee was 12.17 kilometers (6.57 n mi} less than nominal. The 
S-IVB stage failed to reignite. Shortly after the attempted reignition, 
the spacecraft separated from the launth vehicle on ground command to the 
Spacecraft. The S-1¥B stage reentered due to orbital decay on April 25, 1963. 
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$-1C propulsion systems performed satisfactori’y. In general, all per-~- 
formance fight data fell close to the nominal predictions. Average engine 
thrust reduced to standard sea level conditions from 35 to 38 seconds 

was 0.20 percent lower than predicted and average specific impulse was 

0.10 percent lower than predicted. The vehicle first Tong’ tudinal struc- 
tural mode frequency coupled with the engine response to the oxidizer 
suction lines resonant frequency within the 110 to 140 second period. 

This resulted in a vehicle longitudinal oscillation termed "P0GO". Inboard 
Engine Cutoff {IECO} and Outboard Engines Cutoff {OECO) occurred 0.11 and 
0.85 seconds jater than predicted, respectively. An intentional fuet 

level cutoff of the outboard engines and a LOX level cutoff of the in- 
board engine were planned and attained, demonstrating the adequacy of 

these cutoff modes. 411 the subsystems except the camera ejection system 
and the control pressure system performed as expected. The camera ejection 
system ejected only one of the four film cameras and the control pressure 
system sphere pressure decayed unexpectedly after separation. 


The S-II propulsion system performed satisfactorily during the first 

169 seconds of operation following Engine Start Command (ESC). Engine 
thrust, at 60 seconds after ESC, was anly 0.43 percent below prediciton 
and specific impulse 0.02 percent above predictions. At 319 seconds a 
sudden performance shift was exhibited on engine No. 2 with thrust de- 
creasing approximately 33,806 Newtons (7600 Ibf). The engine continued 
performance at the reduced level until 412.3 seconds. By 412,92 seconds 
the dropout of thrust OK switches indicated engine No. 2 cutoff, and at 
414,18 seconds engine No. 3 also cut off, Postfliaht evaluation of 
telemetered data led to the conclusion that the engine No. 2 Auqmented 
Spark Igniter (ASI} fuel line faiicd and ultimately caused failure of 

the engine. Since the flight, testing at Marssail Space “light Center 
(MSFC) and the engine manufacturer's facility has substantiated this 
conclusion. The testing reveals that an oxidizer rich mixture, caused 

by a fuel leak, creates very high temperatures and rapidly erodes toe 
injector. Because of this erosion the LOX dome of engine No. 2 eventually 
failed, opening the LOX high pressure system and causing Sngine Cutoff 
(ECO). A modification of the ASE propeliant feedlines (both fuel and 
LOX) and their installation is seing accomplished. Interchanged LOK 
prevalve control wiring connections between engines No. 2 and 3 salenoids 
caused the preamature cutoff of engine No. 3. When engine No. 2 cutoff, 
the OX orevalve on engine No. 3 was commanded closed. Individual sheck- 
out of the srevalve wiring during arevalve timing checks is planned for 
future vehicles. S-II burn time was 425.31 seconds which is 37.81 sec- 
onds langer tnan pradicted. The extended burn time was caused by the 
premature cutoff of engines Yo. 2 and 3. Loss of the twa engines re- 
duced orovellant consumption approximately 40 percent and required a 
longer surn time to raach propellant-depletion. The S-11 aronulsion 
subsystems met all performance requirements. 


Tne S-IVB J-2 engine operated satisfactorily throughout tha operational 


onase of first burn. However, a total performance shift of 2.3 percent 
decrease in thrust occurred during first burn from 684 to 702 seconds. 
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The engine continued to operate at toe shifted performance level and 

had a hormal shutdown. S-IVB first ourn time was 166.52 seconds which 
Was 28.95 seconds longer than sredicted due to the two engines out con- 
dition on the S-II stage. Stage performance during first burn deviated 
fron the predicted at the 60 second time slice by -0.08 percent for thrust 
ant 0.96 sercent for specific impulse. The LOX mass measuring side of 
the Propellant Utilization (PU) system malfunctioned during orbit prior 
to the attempted restart. The LOX mass measuring system malfunction 
caused @ 100 percent LOX Toad indication prior to and during the restart 
attempt. The probable cause of the erroneous 100 percent LOX mass in- 
dication may have been due to shorting of the inner and outer elements 
of the LOX PI! probe from metallfc debris that could have been in the 

LOX tank. Also, an intermittent short in the cable shieid between the 
mass probe and the PU electronics assembly may have occurred. Engine 
restart conditions were within limits even though main chamber second 
ignition failed to occur. Results thus far indicate that a leak in the 
Augmented Spark Igniter (ASI} fuel supply system probably occurred during 
first burn. Additional engine tests have essentially verified the per- 
formance shi=t and the restart failure. A modification of the AST pro- 
pellant feedlines (both fuel and LOX) and their installation js being 
accomplished. All subsystens operationally met all performance anc 
Stage requirements. However, there were two unexpected deviattons whick 
are discussed in Secton 7. 


In general, the hydraulic systems performed satisfactorily ir that the 
vehicle remained stable during all portions of guidarce-ccntretled peered 
flight. No hydraulic system problems occurrec durirg S-IC pewered flight. 
S-II hydraulic systems performed within predicted limits, and aperated 
satisfactorily until 280 seconds. At this time, the S-I] engine No. 2 
yaw actuator delta pressure transducer began to deviate significantly 
from expected values. From 319 secords until engine No. 2 cutoff, both 
the pitch and yew actuators showed apparent side loads from the engine, 
After engine No. 2 cutoff, the yaw actuator performance indicates that 

it locked up. The engine No. 3 system performed normally unti? engine 
shutdown when the system pump stopped operation and the pressures decayed. 
The engine No. 1 ard engine No. 4 hydraulic systems performed normally 
throughout S-II powered Flight. The S-IVB hydraulic system performed 
within predictec limits during liftoff, boost, and first burn. During 
engine restart preparation and restart attempt, the system failed to 
produce hydraulic pressure. System temperatures observed during S-1VB 
first turn indicated the existance of a cryogenic fuel leak which led 

to the freezing of the hydraulic fluid and system blockage. During the 
restart attempt, measurements indicated that both the main and the auxil- 
jary hydraulic pumps cavitated during operation and virtually no system 
pressure was produced, 


The AS-502 flight vehicle experienced considerably tore structural activity 
than AS-501; however, this activity did not reach sufficient mag1i tude 

to pose a threat to the launch vehicle structual integrity. Thrust 

buildup and vehicle release transients, resulted in maximum jongitudinal 
and lateral {pitch plane) dynamic load factors of +0.4 and +0.03 qs 
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respectively, at the command module. The maximum steady-state bending 
moment condition, 9.89 x 108 N-m (7.29 x 105 Ibf-ft), was exverienced 

at 66.6 seconds. The ~axtmum longitudinal loads were exoerienced at 
144.72 seconds (1ECO) at a rigid body acceleration of 4.28 9. Altnough 

the 4.8 q IECO condition was greater than the 41.68 g design value, no 
mainline structural problevs were encountered during this phase of flight. 
Thrust oseillatian-structural dynanic response coupling (PI&0) was evident 
during the 116 to 140 second region of S-IC range time. The tongitudinal 
dynamics of the launch vehicle induced lateral accelerations of 0.65 Gpeak 
at the LTA. Oscillations in the first longitudinal rode during the 110 

to 140 second time period exceeded that experienced during AS-501 flight 
by approximately a factor of three. Maximum response occurred in the 

5.2 to 5.5 hertz bandwidth. Fin bending and torsional nodes compared 

well with analytical predictions. Fin vibrations exceeded the range of 
the accelerometers but the modal frequencies did not coalesce and flutter 
did not occur. $-IC, S-IVB and Instrument (I!) vibratians were as ex- 
pected. S-II stage vibrations were as expected, except that forward 
skirt vibrations exceeded the sine and randor criteria at liftoff. Xo 
adverse effects were noted. S-IVB forward skirt experienced limited 
amplitude panel flutter, The stress amplitudes encountered due to flutter 
were ahout three times higher than those of AS-204 but were still within 

a tolerable level. 


At approximately 133 secands abrupt changes of strain, vibration, and 
acceleration measurements were indicated in the S-IVB, IU, Spacecraft/ 
Lunar Module Adapter (SLA), LTA, and Command and Service Modute (CSM). 
Photographic coverage, Airborne Light Optical Tracking System (ALOTS), 

and ground camera film showed pieces separating from the area of the 

SLA. There were no known structural failures noted on the launch vehicle. 


The perforrance of the guidance and navigation system was as predicted 
fror liftoff to 412.9 seconds. When engine No. 2 cut off a discrete 
signal was recognized by the I indicating a single engine failure. How- 
ever, since only single engine fatlures were considered in constructing 
the flight program, no program: action was taken far engine No. 3 failure. 
with the discrete signal and loss in acceleration the program entered 

@ guidance mede where guidance and navigation computations were made 

based cn a thrust change for the single engine failure which was 50 per- 
cent of the total actual change. This rode (artificial tau) lasted until 
the IU sensed an acceleration change due to S-I1 Programmed Mixture Ratio 
(PMR) shift. Guidance cemputations responded to variations in altitude 
and velocity caused ty the decrease in thrust during the S-II burn period. 
The cortrel system responded well to the guidance commands for the re- 
mainder of the boost period. Cue to the two-engine-out perturbation, 
flight path angle and velocity were not optimum at the tire quidance 
commanded S-IVB ECC, This resulted in an overspeed of 48.9 m/s (160 ft/s). 
A parking orbit whic was acceptable though off nominal was achieved. 

All crtital cuidance maneuvers were satisfactorily performed. IU commands 
were properly executed for S-IVB restart, but the engine did not reignite. 
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When acceleration test conditons were not met, Time Base 7? {T7) was ini- 
tiated and a cutoff command was issued to the S-IVB stage. 


The AS-S02 Flight Control Computer (FCC), Thrust Yector Contre? {T¥C), 

and Auxiliary Propulsion System {APS} satisfied all requirements for at- 
titude contro} and stability of bending and propellant sTosh modes in 

both the boost and orzital coast modes of operation. During 1i*to“f, 

all vehicte clearance requirements were met. During firs* $tage boost 

the control system was required to correct for a steady-state roll at- 
titude error of apzroximately -0,5 degree. This rol] <oraue was not ob- 
served on AS-501, as the attitude error was essentially null after about 
50 seconds. Control system performance was consistent with events whch 
occurred during S-IT boost. The performance shift of engine No. 2 at 

319 seconds was evidenced in the TYC as well as in the FCC parameters. 
jowever, this 2erformance shift caused no control problems and resulted 
only im a new steady-state trim condition, The FCC and TYC responded 
satisfactorily to the pertuebations caused by the shutdown of engines 

No. 2 and 3. This shutdown resulted primarily in a large pitch plane 
disturbance during which the pitch rate built up to a maximum of 2.8 deg/s 
{nose-up} and the pitch attitude error reached a maximum of 13.4 degrees, 
A cnaximum engine deflection of 5.95 degrees was required to stabilize the 
attitude excursions. At S-[1/5-IY¥B separacion, the gu-dance computer 
switched to the $-IVB coast mode for 0.3 second. The 7.4 degrees pitch 
attitude error caused a full-on APS pitch-engine firing of 0,3 second 
duration to correct the attitude, At 0.3 second after separation, the 
guidance computer switched to the S-I¥B burn mode. The pitch attitude 
error was trimmed out by the TYC after S-IVB stage J-2 engine ignition. 
Control system performance was nominal for the remainder of $-IVB first 
burn. Orbital attitude contro? requirenents required considerably rore 
APS activity than anticipated. The APS system was required to overcome 

a 50 degrees nose-up from tocal horizontal attitude and a 1 deg/s 

nase-up angular rate to align the vehicle along the local horfzontal. 

The vehicle was subsequently exercised through a seauence of four 
maneuvers as follows: 180 degrees roll, 20 degrees pitch down, 20 de- 
grees pitch up, and 180 degrees roll. The pitch and roll maneuvers 

were planned to produce information on the 5-IYB restart bottle repres- 
surization and propetlant slosh excitation while qualifying these maneu- 
vers for manned flight. Each naneuver was executed as planned. No 
appreciable effect was noted on the restart bottle conditions. LHo sloshing 
was not appreciable during any of the maneuvers. Significant LOX sloshing 
existed at the initiation of each pitch maneuyer; however, tke initial 
amplitude was not sustained due to h’gh damping. An auxiliary Fydravlic 
pump failure prevented the S-I¥G stage J-2 engine from being certered at 
the time of second S-I¥B CSC. The engine position at ESC was approximately 
1.5 degrees in pitch and -2.3 degrees in yaw. Apprecizble attitude errors 
resulted “rom this engine position during restart attempt; however, vehicle 
control was maintained by the APS system following the switck from thrust 
vector to coast mode cantroi. Subsequent to spacecraft separation the 

APS system maintained contro] until APS module I fuel cepletion at approxi- 
mately 21,953 seconds. Yeh‘cle attitude rates began to builc up signifi- 
cantly following module ITI fuel depletion (22,602 secords} and cantinued 
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to increase as indicated by reduced radar data until a tumble rate of 
180 deg/s was recorded by the ninth day following launch. 


Launch vehicle separation systems performed satisfactorily, Separation 
and associated sequencing occurred as planned with adequate clearance be- 
tween stages. All ullage and retro motor performance was satisfactory. 
The S-IC retro motor data indicate that some parameters were either above 
hormal or possibly above the maximum Vimits but caused no problem. Space- 
craft separation was initiated by ground comrand to the spacecraft during 
the maneuver to separation attitude. Even though there was a possible 
rorentary interference between a SLA panel and the CSM at the separation 
plane, the momentary interference was not detrimental to the separation. 


In general, launch vehicle electrical systers performed sattsfactorily. 
Battery voltages and currents were satisfactory and battery temperature 
remained within acceptable livits. S-IC battery No. 2 experienced a 
sharp current rise and voltage drop after S-IC/S-!] separation which 
lasted for 11 seconds; however, tape recorder performance was not im- 
paired. & similar anomaly was experienced by Battery Yo. 1 on the AS-501 
flight. Disturbances were experienced an the S-I1 main and instrurentat 
tion batteries during the engine No. 2 and 3 shutdown period. A current 
surge was experienced on the IU 6010 battery at the tire of the 133 sec- 
ond transient. 


Cata indicated that the redundant Secure Range Safety Comrand Systems 
(SRSCS) cn the S-IC, S-11, and S-IVB stages were ready to perform their 
functions properly on cemmand if flight canditions during the launch 
phase had required vehicle destruct. The syster properly safed the S-IVB 
SRSCS on command frem KSC. The performance af the comrand and conruni- 
cations system in the IL was very good. 


The space vehicle Emergency Detection System (ELS) was flight tested in 

the automatic abort closed-Iccp canfiguration on AS-502. Launch vehicle 
measurements irdicated that nc CLS limits were exceeded and the system 
furctioned properly. There were same anomalies indicated in the spacecraft. 


The vehicle interral, external and base region pressure environments were 
gererally ir geod agreement with the predictions and corpared well with 
the A4S-SQ1 cata. The pressure enviranment was well below the design 
level. The measured acoustic tevels were also generally in good agree- 
rent with the precictiors and with AS-5C1 data. 


The vehicle thermal envirorment was generally less severe than that for 
which the vehicle was designed. One exception was the S-IC forward skirt 
thermal environment which exceeded design after S-IC/S-Tf separation. Loss 
of H-31 to the level of tre crushed core cn the S-IC base heat shicld was 
visually observed on this flight via the television careras which viewed 
the heat shielc. This was a repeat of an AS-5CT anomaly and ne adverse 
effects were noted. The effect of the premature shutdown af engines Na. 2 
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and 3 on the $-II heat shield and base region environment was minor. With 
the exception of abrupt spikes due to the engine anomalies, the base re- 
gion thermal data compared favorabiy with AS-501 data. 


The $S-IC canister conditioning system and the aft environmental candition- 
ing system perforred satisfactorily during the AS-502 countdown with only 
one canister and one ambient temperature measurement dropping below the 
minimum requirement. The S-1f thermal contral and compartment condition- 
ing system maintained temperatures within the desiqn limits throughout 
the prelaunch operations. Temperatures monitored on the S-IVB aft skirt 
components were slightly cooler than on the AS-501 flight but within de- 
sign limits. Temperatures of a} components mounted on the forward skirt 
cold plates were within design “imits at liftoff. The IU Envirormertal 
Control System (ECS) performed well throughout the flight. Coolant 
temperatures, pressures, and flowrates remained within the predictec 
ranges and design limits for the duration of the flight data. One speci- 
fication deviation was observed which was expected. At 11,670 secords, 
the platform gas bearing pressure differential was 9.069 N/emé {0.1 psia} 
above the 10.7 N/em? {15.5 psidj] maximum allowable and remajinec trere 
throughout the remainder of the flight period for which data is available 
{33,780 seconds). 


There were 2758 telenetered measurements active at the start of the AS-502 
automatic countdown scquence. Gf the 2758 measurements, 58 faited in 
flight, resulting in an overali system reliability of 97.9 percert. The 
Airborne Telemetry System) operated satisfactorily, includirc prefticht 
calibrations and inflight ca°ibration. Tape recorder performance was 
good, however, due to the extended burn time of the S-I1 and S-IVB stages, 
the S-IC/S-[1 separation data playback was not recoverec from the $-II, 
S-I¥B, and IU recorders. This was because insufficiert playback time 

was progranmed to cover the anomalous situation caused by the S$-II twe- 
engines-out cond’t*on. Performance of the RF syster's .as aced. Aopraxi- 
mately 2 seconds of real time data on all S-IC stage telemetry links 

were lost due to a data dropout at 146.0 seconcs. This condition was 

also noted on AS-501 and appears to be related to S-IC IFCC. Ground 
camera coverage Was good ag evidenced hy 84 percert system efficiency. 
However, only two of the $ix onboard film cameras were recovered. Three 
of the cameras an the S-IC stage failed to eject and one af the S-If 
cameras was not recovered due to a weak recovery beacon signal. 
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SECTION 1 
TYTROOUCTION 


1.1 PURPOSE 


This report provides the ational Aeronautics and Soace Administration 
(NASA) Headquarters, and other interastad agencies, with the launch ve- 
hicle evaluation results of the AS-592 flignt test. The basic objective 
of flight evaluation is to acquire, reduce, analyze, evaluate and report 
on flight test data to the extant required to assure future missian suc- 
cess and vehicle reliability. To accomplis® this objective, actual flight 
malfunctions and deviations must se identified, their causes accurately 
determined, and conplete information made available so that corrective 
action can be accomplished witain the established flight schedule. 


1.2 SCOPE 


This report presents the results of the earty engineering flight evaluation 
of the AS-502 jaunch vahicle, The contants are centered on the performance 
evaluation of the major lauach vehicle systems, with special emphasis on 
failures, anomaties, and deviations. Summaries of launch operations and 
Spacecraft performance are included for completeness. 


The official MSFC position at this time is represented by tnis report. 

It wilt not be fotlowed ay 2 similar report unless continued analysis or 
new infornation should prove the conclusion presented herein to be signifi- 
cantly incorrect, Final stage evaluation reports will, however, be pub- 
lished by the stage contractors. Reports covering major subjects and 
special subjects will be puslished as required. 
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SCCTION 2 


EVENT TIMES 


2.7 SUMMARY OF EVENTS 


Range zero time, the kasic time reference for this repart, is 7:00:01 
Eastern Starcarc Time (EST) (12:00:07 Universal Time [UT]). This time, 
by cefinitior, is kased on the nearest second prior to S-If tail plug 
cisconnect, which cccurred at 7:00:01.74 EST. Range time is calculated 
as the elapsed time from range zero time and unless otherwise noted is 
the time used throughout this report. 


Guidance Reference Release (CRR) occurred at -16.85 seconds and start of 
Tise Base 1 (T]) occurred 17.54 seconds later at 0.69 second. The times 
noted above were esteblished by the Digital Events Evaluator (DEE-6) 
except for T] which was determined by the Launch Vehicle Digital Computer 
(LYNC}, First metion of the vehicle was established by ground cameras 

as having occurred at 0.38 second. 


Range time for each time base used in the flight sequence srogram and the 
signal for initiating each time base are presented in Table 2-1. 


Table 2-1. Time Base Sunmary 


RANGE TIME 
TIME BASE SEC SIGNAL START 
(HR: ME8: SCC) 


- 16.85 Guidance Reference Re ease 


0.69 IU Umbilical Disconnect 
Sensed by LVOC 


S-I€ IECO Sensed by LYDC 
S-1€ OLCO Sensed by LYDC 






















144.96 
14 148.41 











14 576.33 S-11 £0 Sensed by LYDC 
75 747.30 5-I¥B CEO {Velocity} Sensed 
by L¥DC 
Té 11,287.73 Restart Equation Salution 
(3:08:7.73) 
1? 11,630.33 Commanded LCO based on Thrust 






(3:13:50.33} Criteria not being met 








2-1 


Start of T2 was initiated approximately 0.23 seconds after $-IC inboard 
engine cutoff. Two redundant LOX level cutoff sensars were located an 
the S-IC stage 180 degrees apart. The system was designed so that the 
sensor which first detected the cutoff leyel would initiate Inboard 
Engine Cutoff (IECO) by means of redundant circuitry and cutoff 
solenaids. Only one sensor circuit, however, was wired to provide the 
LVDC interrupt signal which would initiate To. TECO was achieved at 
144.72 seconds by means of the cutoff circuit which did not oave the 
LYDC interrupt capability. The second circuit subsequently sensed 
cutaff level and initiated T2 via the LVDC interrupt at 144.95 seconds. 
The reason why the level sensors detectad cutoff level at different 
times is not known at this time and the problem is under investigation. 
Because of the time discrepancy, both times are listed in Table 2-2, 


Failure to restart the S-i¥B engine terminated Tg early and started 17 
at 11,630.33 seconds. The flight sequence program normally commands 
engine cutoff and initiates T7 based on velocity attained. On AS-502, 
however, engine cutoff was commanded and T7 initiated because thrust 
criteria were not being met due to the S-IVB stage restart failure. 


A summary of significant events for AS-502 is given in Table 2-2, The 
nost significant deviations from nominal predicted times occurred in 
guidance and navigation events because of perturbations to the Guidance 
and Navigation System accasioned by the premature shutdown of two S-17 
stage engines. A more detailed discussion of these problems jis contained 
in paragraph 10,4. 


2.2 SEQUENCE OF EVENTS 


Table 2-3 lists the sequence of switch selector events. Terminology in 
this table agrees with the terminology in document 40M33622C "Interface 
Control Document Definition of Saturn SA-502 Flight Sequence Program." 
Eigat events, including S-II engine start, were not verified because of 
telemetry dropout during S-1C/S-It staging, although subsequent events 
indicate that these events did in fact occur. Additionally, 21 orbital 
events and 10 events in T7 were not verified because of station 
visibility constraints and loss of data due to f’ight perturbations. 
Probable times for all but two of these events were derived from the 
flight program. Times were also derived for six switch selector 
functions which were verified ta #0.5 seconds by compressed date, [our 
switch selector events (Fuel Injection Temperature OK Bypass Reset, 
Flight Control Computer Switch Point No. 5, Point Level Sensor Arming 
and Cutoff S-IVB Velocity) were missed at the end of Tg due to the 
early start of T7. 


Table 2-4 lists the unscheduled switch selector events, whicr are 
dependent upon vehicle orientation and position and therefore variable, 
and also ground commanded events, which have been verifiec fram 
available data. 
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2417 Holddown Arns Released 


Table 2-2. 







EVENT 


Guidance Reference Release 
s.1C Engine Start Secuerce Cemmard 
Range Zero 


First Motion 


IU Umbilical Discornect, Start af 
Time Base 1 (Ty) 


Begin Yaw Maneuver 
Erd Yaw Manevver 


Begin Pitch and Roll Maneuver 
{Tilt and Roll) 


tnd 2011 Mareuver 
Rach 1 Achfeved 


Cecurrerce of Max Dynamic 
Pressure (Max 9) 


End Pitch Maneuver (Tilt Arrest) 


5-1€ Inboard Engine Cutoff (TECO} 
{Selenoid Activation) 


S-1C Inboard Engine Cutetf 

Sersed by LVDC, Start of Tite 

Base Z (Te) 

S-IC Outboard Ergine Cutoff (GECO) 
{Sensed by LVNC), Start et lime 
Base 3 (T3} 

S-IC/S-1) Separation Command to 


Fire Seoaratian Devices and 
Retro Motors 


Sei] Engire Start Conmand 


S-II Secord Plane Separaticn 
Canmand 


Launch Eseane Tewer (LET) 
Jettison Comrane 


Initiate Iterative Guidance Mode 
(IGM) Phase 1 


Initiate Steering Miselignment 
farrection (SNC) 


RARKGE 





Significant Event Times Summary 





TIME FROM BASE 








ACTUAL 
iSEC) 


140.9 


194.72 


144.95 


148.41 


149.08 
149.76 
179,06 
184,77 
190.95 


211,99 










ACTUAL 













ACT -PRED 


(SEC) {sit} 






































Table 2-2. Significant Event ~imes Sunnary (Continued? 


TIML FROM BASE 


ACTUAL | ACT-PRED 
{sec} (sec) 





RANGE "IME 


ACT - PRED 
SEC 





















EVENT 










$-IL Stage Sngine Ne. 2 Gut 
24. 5-!1 Stage Cnqine Ne. 3 Out 


25, Guidance Sensed Engine Mixture 

Ratio (EMR) Shift, Inftiate 6M 
Phase 2 
Initiate Chi Freeze 


27. S-TI Engine Cutatf (ECO) (Sensed 
by LYDC), Start of Fime Base 4 
{14} 576.33 5B.64 
28, S-IT/S-1VK Separation Command to 
Fire Separatfton-Devices and Retro 



















Motors 577.08 58.55 
29. S-IVB Engine Start Sequence 

Command $77 ,28 5.59 
30. Stop Chi Freeze 562.9 55.8 
31, Initiate Iterat‘ve Guidance Made, 

Phase 3 $34.78 57 G7 






































































32, Pitch Command Nese-up Attitude 644.02 
33. Initiate Chi Bar Steering 712.4 136 .f: P72 
MM. Inftiate Chi Freeze 746.4 573,07 35.02 
35, S-IVB Velocity Cutotf 

Cormand {ECO} 747.04 T5-0.26 -9.06 
36, S-IVB kngine Cutoff Sensed by 

L¥DC Start of Time Base 5 (T5} 747 30 87 .B4 15 - 
37. Coast Period On 768.55 87.79 25 -0.8 
38. Parking Orbit Insertion 757.0% B74 -b.06 
39. Maneuver te Local Horizontal 762.30 15.90 0,¢c0 
40. Initiate 189° Roll to Place 

Position IIT Down 837.30 87.84 90.00 6.00 
41. Initiate 20° Pitch Lown Maneuver 3207.30 7.84 (2460.00 9.00 
42, initiate 20° Pitch Up Maneuver 5427.30 
43, [nitiate 160° Roll to Place 

Position I Down 5787.30 &7 4 
44, Initiate $-IVB Restart Sequence 

and Start of Time Base 6 (Tg) 11,287.73 214,12 

S-IVB Engine Restart Command 11,614.69 211,08 
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Table 2-2. Significant Event Times Summary (Continued) 


RANGE TIME TIME FROM BASE 


ACTUAL ACT-PRED | ACTUAL | ACT-PREO 
EVENT SEL SEC sce 


46, $-1¥B 2€0 Command and Start of 
Time Base 7 (~7) 11,630.33 


47, Coast Period dn 11,631.50 
48, Manevyer to Separation Artitude 11,650,33 


49. End Cold Soak Attitude and 
Spacecraft Separation Cormand* 11 666,02 


50. LY¥-LTA/CSY Physical Separation*® 11,667 82 
51. Execute Maneuver &* 16,201.9 


52. S-IVB LOX Tank Vent Valves 
Open* 22,023.30 


53. S-1¥B LH2 Tank Vent Yabves 
Open* 22,024.21 


* Ground Command 
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Table 2-3, 


Sequence of Switch Selector Events 















FUNCTION 


Start of Time Base 1 {Ty} 
Auto-Abort Enable Relays, KESET 
Senscr Bias, UN 

Multiple Engine Cutoff, ENABLE 
Telemeter Calibrate, GN 


Telemetry Calfhrator In-Flight 
Calibrate, ON 


Telemeter Calibrate, UFF 


Laurch Vehicle Engines 20S Cutoff, 
ENABLE 


Telemetry falisrator In-Flight 
Calibrate, OFF 


Fuel Pressurizing Valve (FFCV) No. 2, 
OPEN & Tape Recorder, RECORD 


Start Data Recorders 


Cocling System Electrica? Assembly, 
Power, OFF 


Telemetry Calibrator In-Flight 





Calibrate, ON tu 
Telemetry Cabibrator In-Flight 

Calibrate, OFF TW 
Fuel Prassurizing Valve {HFC¥) Na. 3, SeIC 
OPEN 

Fitght Contrs] Computer Switch Potat 

No. 1 Iu 
Telemeter Calitrate, ON S-IC 
Regutar Calibrate Relays, ON S-1¥B 
Telemater Calibrate, OFF 5-1 
Flight Control Computer Switch Point 

No. 2 Iu 
Regular Calibrate Relays, OFF S-I¥R 
Start First PAM-FM/FM Calibration §-II 
Fuel Pressurizing Valve (HFCY} No. 4, 

OPEN 

Fast Record, ON 
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ACTUA 
(SEC) 


RANGE TIME 


iL 








ACTUAL 
(SEC) 









TIME FROY BASE 


ACT-PRED 
(SEC) 
















Table 2-3. Sequence of Switch Selector Events {Continued} 
















RAHGL TIME TIMC FROM BASE 


ACT-PRED 
{SEC} 


+005 






FUNCTION 





Stan First PAM-FN/FM Calibration 
Tave Recorder Secord, MK 
LOK Tank Strobe Lights, OFF 


$-IC Two Engine Gut 4uto-Sbort, 
Tohibit, ENABLE 


§-IG Two Eng‘re Out Auto-Abort Inhibit 





40, Excess Rate (P,¥,R} Auto-Abort 
Ynhibit, ENARILE 


31. Excess Rete {P,Y,R) Aute-Abort Inhibit] IU 136 54 135.85 


32. Two Adjacent Outboard Ergines Out 
Cutoff, ENABLE 4-IC 136.76 136.07 





33. Inboard fngine Cutoff, EXAGLE §-1€ 





34. Inboard Engine Cutoff Seckup, EVABLE < $-"¢ 
365. Inouard Ergine Cutoff [Interrupt 1520 


36. Start of Time Base 2 (T2} 





37, S+il Ordnance, ARM s-l! 0.08 
34, Separation and Retrc EBW Firing 

Units, ARM §-(¢ 0.25 
39, Separation Camera, ON 5-(C 0.47 
AQ. {amera Lights, ON S-41 56 
41, Telemetry Measurement Switch Over s-it O.75 
42. Gutboard Engines Cutoff, ENABLE $-1¢ 0.96 


4}. Qutboard Engines Cutaff-Interrupt 1520 


44. Start of Time Base 3 (13) 








46, Camera Motar, OW $-I1 © .08 
46. S-IT Lb2 Recirculation Pumps, CFF 5-1 0.25 
47. $-11 Ullage, TRIGGER $-I] 0.47 
48, $-IC/S-11 Separation 5-1 0.67 
49, Camera Event Mark S-Il 0.7? 








Table 2-3. Sequence of Switch Selector Events (Continued) 











































































{_RARGE [IPT TIRE FROP BASE 
AcT- 
FUNCTION ee tse) vee 

5a. Switch Cagine Control =¢ $-If; S-IT 

Engine Dut Indication "A", ENARLE3 

S-f1 4 interslaye Separation [ndi- 

cation "A", ENABLE Ww 149, 26* 0.08 

5-11 Engines Cutoff, RESET 149.36* -0.05 

Engines Rcady Bypais 149,46" 7.05* -0.05 

Provalvas Lockout, RESET 149 .bE* 1.15* -1.05 

S-IL Fng*ne, START 189. 76* 1,35* -0,05 

fanera Fyenl Mark s-It 149.86* 145+ -0.05 
56. 5-11 Engine Out Indicataan "B", FYABLE 

and S-If Aft interstage Separation 

Ind“cation 'B", ENSHLE tu 160.06* T.G5* -0.05 
57. Cngines Ready Bypass, RESET S-II 156, 26* 1.85* “0.05 
58. Q-Re1] Power, OFF Iu 152.76 2.35 -0.05 
39, Sel Kydtaui¢ Accumulators, UNLOCK | Seif 151,38 2,97 “0.04 
AD, Chilldown valves, CLOSC 5-II 154.76 6.45 0,05 
61. S-cI Start Phase Limiter Cutoff, ARM $-11 185.08 6.67 f -9.3 
62, Actfyatc PU System S-tt 185.26 6.85 -0.05 
63, 5S. II Start Phase Liniter Cutoff arm, S-IT 156.07 7.0? 0.03 

RESET 

Stop Data Recorders $-11 159.78 

Fast Record, OFF S-IVB 159.96 

Tape Recorder Record, OFF W 160.17 

S-(f Aft [nterstage Separaticn, ON $-LI 179.06 

Camera Event Mark $-II 179.16 

Camera Evert Mark S-II 189.16 

Launch Escape Tower Jettison "A", Oh 1 184.97 

Launch Escane lower Jettisor "2", OW tw 184,98 

Camera Eject Na. 1 $-1E 186.3? 

Camera kiect ho, 2 §-IL 18.97 

Camera Eject Ne, 3 §-1] 157.46 














* Derived Times —_ 
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Table 2-3. 












FUNCTION 





Flight Contra] Computer Switch Paint 


No. 3 





Start Second FAM-FM/FR Calibrat“on 


Stop Second HAM-FM/FM Calibration 





Flight Central Corputer Switch Paint 
Nu, 4 






“elemetry Calibrator In-Flight Cali- 
brate, ON IU 





Telenetry Calibrator In [light Cati- 
brate, OFF Iu 









Neasuremart Sortrof Switch No. 2, 
ACTIVATE 


Start Third 2AM-FM/FM Calibration 








Stop Third PAM-FM/FM Cali bration 





S-IL LH2 Stead Pressurization 


Regscar Calisrate Relays, ON 









Teleretry Calibrator In-Flicht Cali- 
trate, OH 





Regu ar Callorate Relays, OFF 


SE. Telemetry Cal‘trator In-Fti¢cht 
Calibrate, Orr IU 


8S. Charge Ullage ignition, OY 
9, §-II/S-1¥B Oranance, ARP 
91. Tapy Recorder Recerd, ON WwW 
92, Fast Record, ON 

92, Start Dara Recorders 


$4. S-31 LOX Dentetion Senscr Cutoft, 
ARM $- 


95. $-II LH2 Sepletinn Senser Cutoff, 
ARM 


SE. Cutoff S-17 J-2 Engines-Interrupt 1520 


97. Start of Time Base 4 (T4} 


[»e. Redundant S-C] Cutcff $$ 
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Sequence of Switch Selector Events (Continued) 






RANGE TIME 
ACTLUA, 
(SCC) 


TIM: FROM BASE 


ACTUAL | AcT- PRED 
(thy {sEC) 







































-0.04 

-0.08 
207.85 0.05 
206.87 -0.03 
212.66 -0.04 
272,58 -0.02 
277.56 -0.04 
319.95 90.05 
328.8b -0.05 
329.07 -0.03 
333.R? 0.04 
334.05 -0.05 
334.48 -0.02 
394.65 -0.05 
334,87 -6.03 
345.05 -0.05 


335.26 





Table 2-3. Sequence of Switch Selector Events (Continued) 

























































RANGE TIME TIME FROM BASE 
rere fet | ae 

Start Fecorder Timers 876.50 0.0% 
SQ. Prevalves Clase, OFF 3. VE] S?7l.61 0.68 
1d. $-1¥B Engine Cstoff, JFF 5-1Va 376.70 0.07 
702. -rgine Ready Bypass S-IVB 576.79 “08d 
Wd. LG Crilldaws Pump, C-F S-1¥8 576.88 0.04 
104, Fire Lilage Ignit‘an, GN S-1VB 576.98 -9.95 
145, S-[1/S-IVE Separation 5-11 577,08 “0.05 
106, $-IVB Engine Start Intertock Bypass, 

On S-1V8 577.18 8.45 -0.05 
107. S-I[VB Eroime Start, ON S-(VE 577.28 0,94 -0.05 
“U8. Flight Cantrol Computer S-I¥3 Burn 

Mode O49 "A" TW $77.49 1.07 -0.03 
109. Flight Control Computer S-IVB Burn 

Mode On "B" 1U 577.49 116 ~0.04 
WG. $-i¥B Engine Out Indication “an 

ENASLE W 577.84 1.55 -0.65 
141, S-1VB Frgine Gut Indication "Bs", i 

CHABLE tu 378.99 1.77 0.03 
112.) Fuel Chilldawn Purp, OFF S-IVa 478.48 2.15 -0.05 
U9. LOX Tank Flight Pressure Systen, 04 S-IV6 $30.02 | 3.75 -0.05 
114, Fuel irjectian Temperature Ok Bypass | S-IVE $80.30 3.37 -0.03 
118. S-1VB Cagire Start, OFF S-1¥3; $80.28 4.15 -0,05 
116. First Burn Relay, ON S-IVE 882,08 5.75 -0.05 
Ri. Emergency Playback Enable, CN S-1V8 584.09 TT? -€.03 
118, Fast Record, OFF S=1VB SKC aR 7,95 -0,95 
bs. PU Activate, ON 5-16 545.30 4.97 O03 
120. Charge Jl?age Jettison, ON S+(¥B 586.09 9.97 0.03 
121, Fire Lilage Jettison, ON S-I¥E 539.08 1? 78 “006 
122. Tus” Injection Temperzture UK Bypass, 

RESET S-IVe 590,28 13.95 -0.05 
123. Uilage Crarging, RESET S-1V6 591.88 15.55 0.05 
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125. 
126 
127, 


128. 


123. 
130. 
131. 


132. 
133. 
1H. 
135. 
136, 
137, 
138. 


139. 


144. 
141. 
142. 


143. 





Table 2-3. Sequence of Switch Selector Events (Continued) 


FuncTION 


Ullage Firing, RESET 


Tape Recorder Recard, OFF 
Erergency Playback Enabie, OFF 


Telemetry Calibrator In-Flight Cali- 
brate, ON 


Telemetry Calibrator In-Flight 
Calibrate, OFF 


Recular Catibrate Relays, ON 
Regular Calibrate Relays, OFF 


Engine Pump Purge Cortrol Yalve fn- 
able, ON 


Cutoff S-IVB Engine {¥elocity) 
Cutoff $-1¥B Engine-Interrupt 1520 
Start of Time Base 5 {Ts} 
Redundart $-1¥3 Cutoff $5 

Point Level Senser Disarming 
S-[¥B Ullage Engine Na. 1, OR 
S-IVB Ullage Engine No, 2, ON 


S-IVB Ullage Thrust Present Indica~ 
tior, OW 


First Burn Relay, OFF 

PU Activate, OFF 

LX Tank Flight Pressure System, OFF 
Coast Period, ON 


Engine unip Purge Control Yalve 
Enable, ON 


PU Fuel Boiloff Bias Cutoff, ON 


Flight Control Computer S-I¥8 Burn 
Mode Off "A" 


Flight Control Computer S-IVB Burn 
Mode Off “B" 


Aux. Hydraulic Pump Coast Mode, ON 








S-1VB 
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RANGE TIME 


ACTUAL 
(SEC) 


592.09 
s9b.18 
597 58 


598.68 


603.70 
408.10 
613.08 


746.91 
747.04 
747.90 
747.30 
747.38 
747.47 


747.87 
747.97 
748.15 
746.36 
748.55 


748.75 
748.97 


750.76 


750.97 
751.15 








TIME FROM BASE 


ACTUAL 
(SEC) 








ACT-PRED 
(SEC) 



















150, 


151. 











Table 2-3, Sequence of Switch 


Selector Events (Continued) 





RAGE ~ IM TIME FROM 








FUNCTION 


Aux. Hydraulic Pusip Flight Mode, 
OFF 


S-TvA Engine Quz Indication “A" =n- 
able, &CSET 


S-(VB Cngine Out Indication "B' kn- 
able, REStT 


lelemetry Calibrator In-Flight vali- 
brate, OM 


Regular Calibrate Relays, 04 


Teipuetry Calibrator In-Flight Cz1i- 
brats, OFF 


Regular falfbrate Relays, GFT 

fS/F¥ Transmitter, OFF 

SS/EM Greua, OFF 

Lila Tank Cont uyyus Vert valve Open, 
Lb Tank Continuwws Yeat Yulye Spen, 
GFF 

5-14 Lllage tngine Yo. 1, GFF 
S-1¥5 UPlage Engine hu, 2, OFF 


S-1¥E I tage Thrust Present Iresca- 
tion, OFF 


Tnergency Pluyback Enable, Ov 

Tave Recorder Pleytack Reverse, ON 
Erergeucy @layback Enable, OFF 
Slow Record, A 

Stow 2ecord, Ch 

Tape Recorder Playaack Reverse, GFF 


Engine Purp Purge Control valve En- 
able, OFF 


Siow Recavu, ON 


Slow Record, OFF 

























5-1VE 789.66 12.36 | 
Ty 744.4? IF.17 
3- (VB 704.65) 17.35 
S-1v3 769,26 | 21.96 
S- OMB W69.46 7 22.16 
S-1VE 805.25 | 58.55 | 
S-1¥B 802. 26 | 60.9% 
S-1¥8 835.26 $ A795 
S-19B 835.35 | £8.05 
iu 235.56 88.26 
S-1¥0 835.75" ag.e5+ 
rt £20.45 83.15 
S-14E Due.7s* | gt ane 
S-1¥B 9o9.4s+ | 162.35" 
S-[¥l! gig.as4 | izz,15a 
tH 925.454 | 173 .1b* 
S-1¥B] 1349.85 612.65 
S-TvB] 2360.78" | 1013.45" 
S-IVB 2392.75" | 1645.45" 
S-1¥3) 2392.95" | 16a5_4u* 








Recorcer Playback, CN 


* Derived Times 
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Table 2-3. Sequence of Switch Selector Events (Continued) 











RANEE TIME TIMF PROM [ASI 
FURCT 198 ats ig ee 

Recorder Iluykack, GFF 266%. 75* | YAIS.65* 

Slow Kecord, Oh 2560,94* | 1A13.65* 

Slow Recore, ON 26/0.95* | 1623.65* 

Tetometry Calivrator ir-Flight Cal‘ - : 

hrate, Mk 2 1 4340, /5 2599.45 

Peguiar (alibrate Relays, ON 3340.95 2553.65 

Telemetry Calibrator Tn-Flight Cali- 

brele, OFF 3348.77 269% ,47 

fagular Calibrate Relays, OFF S-TV3 3945. Ub P5398 6? 

Jelemetry Caligrator ir-Flicht Cali- 

trate, Ok $8.76 4635 .45* 

Slow Record, Oh 5. 9633.64" 
187. Sequ'ar Calinrate Relays, O4 3-(VB S3u6.16* | 4638.25". 
1A3. Telonetry Calibrater [n-Fli ght Cali- | : 

brate, O77 1u 3390.75 4643.45 “0.08 i 
1aé, Reguler Calibrate Relzys, “FF 5-IVB 5391.15 4643.85 


ify, Slow Record, OFF 3-1¥B 5417.95 AG?.65 


The. Recorder Playbeck, OM : 8+ 1V8 5418.35 4671.05 

















18}. Recavder Playback, FF $- [VE 5774.74 6027.45 
138. Slaw Recarc, oh 5-0R SPs. S027 R5 
149. Stew Yecurd, ON S-1VR S7HA TE 5097.25 -O.U9 
190, Telemetry tulibrator In-Fiight Cali- 
brate, ON lu 6340.75 4499 45 “O.5, 
191. 2egular Calibrate Relays, 0M S-T¥S 6340.96 5693.65 “0.05 
192, lelenetey Calibrator [n-Flight Caii- 
brate, OFF WW 6445.76 £593.46 
193. Recular Calibrate Relays, O°f S- IVD 6345 96 5592.66 2.04 
194, Slow Kecard, OH S-iV6 7997.75* | 71lEC.45* -O.0u 
19>. Slow Record Off S-IVB] | 7939.77 7192.48 “Noi? 
iS6. Recorder Playback, Jn 5-1¥S} 7999.97 7192.67 “0,03 
197. Recorder Playback, OFF a-1¥B 210,55 7463.25 -0.05 
[°98. Siow Record, GH | S-Uvu] b2s0. 754+) 7863, 05+" -0.05 








* Deriveo Tires 
‘* Verifiec te 10,4 by Ccrpressee Ozta 


KR 
' 

= 

wa 


Table 2-3, Sequence of Switch Selector Events { Continued) 


| FUNCTION > STS6L 


139. Slow Pecord, 04 















RANGE > IMP Tel PROM BASE 


ACTUBL ACTUAL 
{SEC} (SCC) 


7473.45 














700, Pegulae Calibrute Kelays, 04 8233.45 


abl, Telemetry Cabibrator In-Flig:t Cal i- 




















arate, Ch 1 A580. 95 G22. 45 -3.C8 
af?. Regular Calibrate Yetays, GFF £.1¥8 985.75 8238.45 O08 
203. Teieretry Calibrater [n-Flight Cali- ‘ ‘ 

brute, OFF TU 8965.95 &236.65 £.08 
204, Sicw Recora, ON s-ive| 10,470.75" | ggea.a5e | -0.08 
265. side Record, FF 5-TVB110,442,754 | 9635 25+ | -0.05 
206. Recnrder Playback, CH 3~1¥B] 10,442,.99* 5795.65" -1.05 
2n7.  Recorcear Playback, CFF 3-f¥B] 19,707.75" 99RC 457 -0,05 
278. Slow Record, 04 G-1V3° 10,707.95" 9960.65* G08 
799. Slow Reeerd, GN S243] 10,717. 95% i gy70.6s% 0.08 
210, Aux. Hyd*uulic Pump Plight Mace, 01 S-(VB] 10,822.254* | io a74 anes -U.05 
201. Aux. Hydraulic Pump Suast “ede, OF= S-1¥K]19,822.45** |16 075, 24 “0.08 
212. LOX Crillsluwo Pump, O4 S-1¥B] 10,872.25** | 40,124, 95*4 70,05 
213. fuel Chilldawn Purp, OY S-1¥6) 20,877, 25** | 10,129, g5e* -¢.0b 
214. Prevatves Close, Ok $= [vB] 10,877. 25%* j10,139.95%6 0.35 
218, Telometry Calibrator Ir-flight Cali- 

drate, OW 7 1 T1,260,.78 119,993.65 -0,.05 
2le. Regular Calibrate Relays, ON S-2¥B] 11,260.95 1 ]9,513.86 
217, Telew:try Calibrator Jn-Fiight Cali- 

brate, OFF qu 11,265.76 10,516.46 
1218. Regular Catibrate Reloys, GFF 5-IVE] 11,265.96 1G ,t3.66 
j 219. Begen Restart Preparations - 7ine 

Base Sackup 1536 ‘S-TVE 
229. Start of Time Base 5 (Tg) | 11,287.73 
221, S-IVB Lllage Engire Yo. 1, OH S-.¥BP 11,287.96! O17 
222, S+IVB Ullage Crgine ho. 2, OW 5-EVE] 31,288.01 Det 





223. 5-18 Ullage Trust Present 
(Indication, GN lJ 11,268.19 -o.46 











* Derived Tines 
** Vorified te 40.5 by Carpressed Data 












Table 2-3, 


Sequence of Switch Selector Events (Continued} 





RANGE TENE 





TIME FROM BASC 









FUNCTION 











i'2 Tank Vent valve Boast Close, ON 

LOX Tank Vent Valve Boost Close, ON 

LHg Tank Continuous Vent Valve Close, 

OW 

C-Bard Transponders ka. 1 ard No. 2, 

On 

Ihg Tank vert Valve Boost Clase, OFF 

-0% Tank vent Valve Boost Close, OFF 7 S-J¥e 
LH? Tank Continuous Vent Valve Clase, 

OFF $-1VB 
Fuel Crilldows Purp, OW S-1¥B 
LAX Chilidown Puma, Of 5-1VE 
Prevalyes Clase, OY 5-146 
LOX Teme Repressuvizaticn Control 

¥alve Open, ON $-IVE 
“elemetry Calibrator In-Flight Calé- 

hrate, ON it} 
Teterietry Cal*braczer In-Flight Gali- : 
brate, OFT Tl 
LH2 “ank Repressurizaticn Controt 

Valve fpen, ON 5-Ivi 
SS/FM Group, ON S+IVE 
SS/TM Transmitter, ON 5-16 
Regular Calibrate Relays, ON S-IVB 
Regular Calibrate Relays, AFF S-LVE 
PU Valve bardever Position, ON S+I¥B 
Prevalyes Clase, OFF S-1¥8 
S-1VE Restart Alert IW 
S-[VB tngine Cutoff, aFF S-1VB 
Eng“re Ready Bypass 5-1VB 
LHe Tank Repressurizatian Contre] 

Valve Ipen, OFT S-1VB 


ACTUAL 
{SEC} 


11,288.49 
11 268.69 


11,288.89 


11,289.04 
11,290.29 
11,290.69 


11,299.91 
11.293, 69 
11,298.69 
11,308.69 


1 87.69 


11 436.00 


11,440,99 


11,487.70 
11,496 00 
11,496.21 
11,556.19 
11,567.20 
11,574.69 
11,603.90 
11,604.69 
11,613, 29 
17,613.57 


11,613.69 









ACTUAL 
(sec) 





5.95 
TO.95 


PHS 









99.95 









148.2? 


153.756 








199.96 
208.26 
208.48 
268.45 
273.46 









286.96 






316,16 






316,96 






325.56 






325.77 


325.95 


{SEC} 


PRED 






-0,04 


-0.05 


70.05 
-OA 


-1.04 


-0.02 
-U.GS 
-0.08 


+f .05 


-0.05 


-0,03 


0.05 


70.04 
-0.04 
0,02 
0.05 
-C.04 
-C,04 
-0.04 
0.04 
0.04 














Table 2-3, Sequence of Switch Selectar Fyents (Continued) 














FUNCTION 





Fucl Criltdown Purp, OFF 





LOX Chilldowr Purp, OFT 





iO*% Tenk Renresswrization Cortrol 
Valve Open, CFF 









251. S-{VB Fugine Start, DF 


PG2.  S-E¥E Lagine Gut Indication "Al, 
ENABLE 


263, S-1¥B Ergine Out Indication "a", 
CNAGLC 


294, 5-28 Jtlage Fnysne We, V. OFF 
255. $-("b Ultaye Engine he. 2, DFF 


256. S-EUBR Ellage Thrust Present 
Indication, (FF 


26?, Tlieht Sontrol Computer $-T¥N Burn 
Made fn "A" 


?AR. Flight Cantrat Cewputer 5-I¥B Burn 
Made Qu "Bb" 


769. Fuel Injection Teuperature GK bypass 
260, LOX Tank [light Fressure System, Ch 
ZE1, Coast Perind, OFF 

?h?,  S-1¥B Engine Start, Orr 

263. Second Burn Relay, ON 

264. PU Michi vate, CH 

265. PU valve herdover “osition, OFF 


266. Fuel injection Temperature Jk Rypass, 
RESET 


267. Fight Control Computer Switch 
Point No. 5 


268. POiMt Level Sensor Anaing 
269, Cutoff $-INB velacity 
270, Start cf Time Base ? (Tz) (ECO) 


271. Reduadant S-1¥8 Cusoff 
+ 





TU 


$+ (VB 
S-LYB 
5-198 
S-1V8 
5- NB 
S-IYB 
SoT¥R 
S-1¥B 


iO] 
S-1¥B 
TU 
"5-16 
| 1B 














IGE TIM 


ACTUAL 
see) 


31,615.90 


11,514,09 


71,614.51 
11,614.69 


11,615.49 


11,616, 79 
11,627.69 
11,614.49 


11,617.99 


11,622.29 


1F,&22.€9 
11,622.69 
11,622 $0 
14,623.25 
11 623,30 
11,625.29 
11,627.50 
11,627.69 


wee 


wee 

erg 

wwe 
10,630.39 
11,630.41 








*=** Stavted new time base befare 
these events could take nlere 

































Table 2-3. Sequence of Switch Selector Events (Continued) 


RANGE TIME TIM: FROM GASE 


FUNCTION sce] ACTUAL | AcTUaL | ACT-PRTD 
ei oe 


(SEC) 
LOX Tank vent Valve, GPE% 11,530.5t 0.78 



















11,530.60 
11,536.70 





Point Lev#l Sensors Cisarming 





LH? Tank Yent Valve, SPE4 





















Second Burr, Retay, OFF 11,531.08 M75 4,05 
i 10% Tank Plight Pressurc System, MFF 11,531.29 0.96 0.08 
j277 cast Periad, 04 11,637.50 LV 0.03 
foe, PL Activate, DFF 11,638.70 1.38 -0,02 
279, PE Inverter aril UC Fower, OFF 11,531.80 1.47 -0,93 
280, LOt Chi Idown Pump Purge Contec] 
Valve Open, OFF 11,531,689 1.56 -0.34 
281. [light Cantro] Computer $-(¥B Burn 
Mode Off "A" 11,593.78 3-46 -0.04 
222. Fliyht Cantro] Corputer $-1VB Burn 
Mode Off "Bb" 11,634.00 3.87 “D3 
283. Aux. Hydraulic Pump Flight Made, OFT 11,634.18 3.85 -0.05 
2#4. Telenetry Calibrator In-Flignt Cali- 
braule, ON 11,634.39 4,07 -9,.03 
3b, Regular Calidrate Relays, Ok 14,634.58 4.26 -0,.05 
286. Telemetry Calibrator In-Flight Cati- 
berate, OFF 11,539.38 9.06 -0.04 





267. Regilar Cabibrate Relays, Orr 11,534.59 
11,639.80 
11,639.96 


11,640.28 


ZAR. SS/FM Transnitter, OFF 





269. SS/FM Group, OFF 






290, LOX Tank Yent Valve, CLOSE 






231. 10% Tank Yent Yalve Boest Clase, 
ON 






21,643.29 








#92. LOX Tank Vent Valve Boas= Clase, 
GFF 






11,645.28 
14,750.28 
11,753, 29 





293. LH? Tank Yent Valve, CLOSE 







294, LH? Tank Vent Valve Soost Close, Oh 





Liz Tank Vent Valve Boost Close, OFF 11,755.28 








LV¥/SC Separation Seyyencte Start 11,810.28 











Table 2-3. Sequence of Switch Selector Events {Continued} 









SAGE Lei TIME FROM ASL 







































































Fun ACTLAI AE] OREN 
URCTION , ) tyke) 

Seton POM to Lew Gaie Arson 

Tail Sate} tw 12,830.28") 1199_$6* 20.55 

Switch OfS to Law Gain Antenna 2,630.48") “Zog.1e* “A. 

(Hy fark Concinsus Vert ¥alve tiper. i 

oH 17,PAC.68*] izsg age | -O.U5 

ilz Task Contiruogs vent Yalve finen, 

(ike 12,832.68") 1207. -0.06 

Telemetry Saliorator In-Clignt Ca’ i- ' 

brate, MN 12,940.504) 19°0, 25¢ 
302. Regular Cal‘ brace Yelays, ON 12,96, 78* 131% .4a5* -U.Ub 
[a3. Te eretry Calibrator In-Fligal Cali- 

brale, GFF aT 72,945, 584, “3.05 
Sb6,  Requlae Calibrate Kelays, OFF $-246] 12,945, 78* 1 -0,0% 
BUS. SWiten PCY te high Gain Srtenna fu 17,030.28 -3,05 
SUS. Switeh COS te High Gein Antenna 

{tai Safel lu 47,030.49 © BAGO.17 -3.03 
307. Telewetry Cubibrator (9-Flight vali- 

trate, Ob 1 17,140.59 5514.26 -0.04 
303. Kecular Ca*ibrate %elays, ON S-]¥B] 17,140, #9 551,45 “3.04 
309. Telemetry Calibrute In-Flighe Ca*i- 

brate, Or 1" 17,145.58 | 8515.25 -£,05 
31. Requiar Calibrate Relays, IFF S-IVB] 17,145.38 $515.45 -U,05 
JM. LkY Tark Contiruous Vent Yslve Ctase, 

oY S-1VG) hn Late a 2 
312.) Lil Tank Centinunas Yent Yalve Close, i 

OFF S-T¥3] No Dara - . 

* Uerived ies : 














Table 2-4. Unscheduled Switch Selector Events 


/ RANGE TIme FROM 
FYFRT “IKE BASE RIMARKS 

















{SEC) (SEC) 
kater Coolant valve, OPEN V2 .23 19+22.489 1)+181.69 
INL function 

hater Coolant Vzlve, CLOSEL 1084.08 154336 78 ATS Function 
C-Rane Tronsacnder NO. ” 
and HD. 2, GY 3$80 BO T5#2833 $1 
C-Bane Transscnder ND. 1, GFF 3580, 1642832. 5? AQ. 2 achive 
C-Bane Transaanéer Nd. 1 & 
NO, 2, Ch 5821. Ty 5074.21 
f-Rane Transnoner M3, 1, OFF Sez. Tg*5074. 2a NO. 2 acttve 
Water Coclant Valve, OPEN SRI. 15°51 43.83 Ivnr function 
C-Bard Transoonder Kil. 1 & 
NO, 2, 0M 5a28. The51 78.27 
C-Land Transponder “0. 2, DFF 5925. To #517828 RN. 1 antive 
Water Coolant Yalve, CLOSED 6191. Tst5dd4 35 
¢-Hand Transponder WO. 1 4 
NO. 2, ON 6637 et Ty +5089.91 
f-Baid “ransponder NO. 1, OFF H ob4y 2 Ty bSHeY 9H WO, 2 penive 
Water Coolent Yalve, CLOSED 7995. Ty t7248.15 IMO function 
&-Dond *earsponder HO, 1 6 

2, ON 11,069. Te tlt 321.74 
C-Band "rarscorder NO. 2, OFF 11,069. Tg#1¢ 921.81 WO, 1 active 
C-Daid “rarsporder NO. 1b 
ng, 2, ON 11,650. 17420 12 
{-@and Trarsperdur HO, 4, OFF 11,650.54 1742D.21 40. 2 accive 
C-Sand Trarsponder NO. Tb 
0, 2, ON 11,658.68 ‘17+28.35 
C-fand Trersncader HO. 2, OFF 11,658.75 T2542 HO. VY achive 
C-Band Trarspeader NM. + & 
fo. 2, ON 11,699.43 ‘1768, 80 
C-Band Trarspander MO, 3, GFF 11,699.20 Ty7}65.a7 » 2 active 
C-Band Trarsvandew HD, 1 & 

2, Gk W173 Ty277.00 
C-Band Transnancer Ni. 2, UFT “A707. T2477 00 1 active 
C-Band Transponcer Wi. 1 & 
ND, @, 17,722.60 T7t92. 28 
C-Band Transponcer M0. 1, OFF H 1t,722.69 T7497 36 . 2 active 
C-Band Transnoncer MW), 1 & 

2, Gt 11,850.66 1y+220.33 
C.Band Teangponcer Mi. ?, OFF i 11,850.73 174220.40 BOL 1 aclive 
hater Coolant Yebve, OPEN . 1? 003.47 ‘174873.14 LYCC functtan 
Hycraulic Funp Coast Nade, OFF 14,961* 174333! Ground corrand 
Pycraull¢ Funp Flight Made, ON 14,9617 174333! Ground cormand 
Telenetry Calibrator, (MN 14, 004* 1743374 Ground cermand 
Reculor Calibrator Relays, DN 15,004 1743574 Sraund cormand 
Hydraulic Funp Coast Mode, OFF 16,037* Ty7#3407 Ground command 
Hycraulic Pump Flight Node, ON 1§,037* 7793407 Ground ¢rerand 
HycPoulic Purp Flight Hade, GFF 5S 15,060¢ TH+ Ground command 
Telemetry Calibrator, OFF 16, 173* T794543 Ground command 
Regular Calibrate Relays, OFF 16,173* LP ittatl Ground command 





*bround Transeittatl times used because 
pulse tines not available 


Table 2-4, Unscheduled Switch Selector Eveats {Continued) 








Expcute Mereuyor A 


C-Bane Transpender XD. 18 
NC. 2, CN 


f-Band Transporver AO. 1, OFF 
Slaw Record, ON 

Slow Secord, OFT 

liwcorder Playdach, OW 

€-Band omen nmol sk 


C-tand Transrarsey Bl. 2, OFF 


C-Dend Trensnendur Wa, 1 
nO, 2, ON 


(- Gand Transpender Sf. 1, FF 
Vater Cnatant valve, CLISED 


C-9and Transenncer WY 18 
nO. 2, al 


C-Band Teanspondee Ni 
Recerder Plavbeck, OFF 


LOX Tank Fliqnt Pressure 
Sys Ler, ON 


Cuast Perind, OFF 
LOX Tenk Yent valve, OPFH 
Liz Tank ¥ont Valve, OPEN 


C-Bant Transsender NU. 1 & 
NO. ?, OF 


C-Rand Transponder 0, °, OFF 


C-aand Transponder KO. 1 & 
ND. 2, ON 


C-Band Transponcer NC. 1, OFF 


C-Raqd Transponder NG, 1 & 
NG. 2, ON 


{-Bai lraaspandsr 0, 2, OFF 


C-band Transponder 40, 1 & 
NO, 2, GF 


C-Band Transporder RO. 1, OFF 


C-8and Franspord¢er 
NO. 2, Oh 


C-Band Transvonder NC, 1 & 
NG. 2, ON 


C-Band Transpender WM. 1 & 
WO. 2, OW 


C-Sand Transponder NO. 1, OFT 


C-Band “ransporder WO. 1 & 
NO. 2, ON 


C-Band Transponder HO. 2, OFF 
C-Band Transponder NI. 1 & 
NO. 2, ON 



































C-Band Transponder 4), 1, OFF 


cH 
EvinT STALL 






























“Ground Transmittal times used because 


pulse times aot avatlable 


KONKEL TERRE | 

TIRE CBSE REF&RK> 

(SFE) (Sect 

16, 2n1* T7471 Ssrcune comeard 


16,766.45 
16 PE 42 
16,228.87 
16,979.72 
16,930.62 


26,971.01 
16,971.68 


17 234.58 
17,234.61 
17,314.29 


17.555.17 
17,555.25 
PL, IRF 42 





22,021.40 
22,02 
22,923.39 
22,974.71 





22,178,349 
27,170.46 


22,594 a8 
22,594.95 


22,611.57 
22,611.28 


27,674.50 
22,674.87 


22 754.56 
22,754.63 
22,363,27 
22,963.34 


73,026 £9 
23,026.97 


23,122.76 
23,122.83 
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Tp#S186.12 
Thi i.19 
17+9298.43 
T7+8294,39 
7 7+8496,29 


T4839. 26 
Tye S38e FE 


T71S8604,21 
Tpebend. ce 
T7568). 96 





Tyeh9ea lu 
Tq-5974.92 
37218, 257.09 


Tpe1e 191.6 
T7#19,392.08 
17470,392.97 
T7410, 393, O% 





Tp+1l, 340.06 
1)1¢,540.13 


TpttC 9E0_ SB 
Tet 964.63 


T7#1D. 980, ba 
719,986.93 


77411044 4B 
Fee 1,040.55 


Tri," 24 23 
T7+13 128,36 


T7411 332.94 
17+11,333.01 


T7411, 398.57 
Ty#17, 296.64 








‘17411492 ,43 
T7+11,492.50 





NO. 2 actter 
Cerranded 
Cermanded 
Corrarded 


A. 1 active 


NU. 2 artive 


© fusctinr 





HO. 1 anther 
tarranded 


Commanded 
Comranded 
Cevmarded 
Cermandéed 


WO. 2 active: 


Mi. 2 active 


WC, 





WO, 2 active 


NO. 1 active 


HO. 2 active 


NO. 1 active 


Ml. 2 active 








SECTION 3 
LAUNCH QPERATIUNS 


3.1 SUMMARY 


The Saturn AS-502 was the second flight vehicle of the Saturn V Apolla 
fight program. The basic purpose of the flight was to demonstrate the 
compatibility and performance of the launch vehicle and the Apollo Command 
and Service Modules (CSM) for manned flight 


The launch countdown for AS-502 was completed without any unscheduled count- 
down holds and the vehicle was successfully ‘aunched at 07:00:01 Eastern 
tandard time ES”) Apr] 4, 1968. 


Ground systems performance was highly satisfactory, The relatively few 
problems encountered in countdown were overcome such that vehicle launch 
readiness was not comprortised. 


Launch damage to the conplex and support equipment was minor. Modi fica- 
tions to the ground syszems were effective in reducing the amount of blast 
damage below that sustained during AS-501 Taunch. 


3.2 PRELAUNCH MILESTONES 


A chronological summary of events and preparations leading to the launch 
of AS-502 is contained in Table 3-1. 


3.3 COUNTDOWN EVENTS 


The launch countdown for AS-502 was picked up at -24 hours at 1:00:00 EST 
foril 3, 1968 and proceeded to -8 hours with no holds. At this point the 
scoeduled six hour hold period was initiated. The count was resumed from 
=8 hours at 23:00:00 EST April 3, 1968, and culminated in the successful 
Jaunen of the vehicle at 07:00:01 EST April 4, 1963. 


Only four significant problems developed during the Jaunch countdown, All 
these problems were resolved sefore the end of the scheduled six hour hold 
period. The items are stated below in chronological order: 


a. Several LH2 vent bubble caps were found ta nave cracks exposing the 
vehicle vent system directly to the atmosphere. 


February 21, 1967 


March 3, 3967 

March 20, 1967 
March 29, 1967 
May 4, 1967 


May 19, 1967 
May 24, 1967 
May 29, 1967 
May 29, 1967 
May 31, 1967 


June 1, 1967 


June 8, 1967 
dune 13, 1967 


June 29, 2967 
July 6, 1967 

July 13, 1967 
July 24, 1967 
duly 24, 1987 
August 8, 1967 


Table 3-1, AS-502 Milestones 


S-IVB Stage Arrival 
S-IC Stage Arrivat 
Instrument Unit Arrival 
Erection of Launch Vehicle (L¥) with S-II Spacer 


LV Clectrical Interface Mate Test with S-II 
Spacer 


LY Guidance & Control Tests with S-11 Spacer 
S-II Stage Arrival 

L¥ Propellant Dispersion Test with S-II Spacer 
LY Power Transfer Test with S-II Spacer 


LY Emergency Detection System (EDS) Test with 
S-I] Spacer 


LV Flight Sequence and Exptoding Bridge Hire 
(EBW) Functional Test with S-II Spacer 


LV Sequence Malfunction Test with S-II Spacer 


LV Plugs-In Overal? Test {OAT) No. 1 with S-II 
Spacer 


Ce-erection of the LY through S-11 Spacer 
Completed S-11 LH2 Tank Inspection 
Erection of LY with S-II Flight Stage 

LY Electrical Interface Mate Test 

LY Switch Selector Functional Test 


LV EDS Test 
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Table 3- 








August 10, 1967 


August TT, 1967 





August 11, 1967 
August 30, 1967 


December 


10, 1967 
Tecember 1], 1967 
Cecember 2], 1967 
December 27, 1967 
Cecember 29, 1567 


January 4/5, 1968 


January 16, 1968 





danvary 24, 1968 


January 29, 1968 





February 2, 1968 


February 6, 1965 


March 8, 1968 





March 22, 1968 





March 31, 1968 





April 4, 1968 





]. AS-502 Milestones (Continued) 







L¥ Flight Sequence and EBW Functional Test 


LV Power Transfer Test 





LV Propellant Dispersion Test 


LY OAT No. 2, Plugs Out 






Erection of Spacecraft (S/C) 





Swing Arm Compatibility Test 





LY OAT No. 1, Plugs In (Waivered) 





L¥ Combined Guidance and Control System Tests 








LV OAT No, 2, Plugs Out 





LV Mission Control Center-Houston {NCC-H) 
Interface Test Vehicle Assembly Building (¥AB} 






Space Vehicle (S¥) OAT Na. 1, Plugs In 







SY GAT Nc. Z, Plugs Cut 








SY¥ Swing Arm OAT 


Ordrarce Installatior 








Transferred Launcher Umbilical Tewer (LLT)/Vehicle 
to Pad 








SY Flight Readiness Test {FRT} Completed 







RP-1 Load 





S¥ Countdown Demonstration Test {CDDT} Completed 





Vehicle Launched on Schedule at 07:00:01 EST 


303 


b. The S-II stage, BP-? transmitter (2CM/FM Link} failed and had to be 
replaced, 


c. An electronics package in the 5-I¢ stage RP-} loading system required 
replacement and re~calibration, 


d. Te S-ID Groyad Supsort Zquipment (GSE) stage power supply required 
replacement, 


3.4 PROPELLANT LOADING 
3.4.1 RP-1 Loading 


The RP-] system completed al] operations from CDDT through launch satis- 
factorily. There were no delays or questionable items during loading other 
than one minor anomaly, Ouring adjust level drain in CDDT, a time delay 
relay malfunctioned and required rep?acement. 


The level adjust operation im both CDDT and the launch countdown ieft the 
flight mass within 0.01 percent of the intended vaiue, Kennedy Space 
Center (KSC) mass readout indicated that 610,197.4 kijograms (1,345,255 Ibm! 
of RP-] were onboard the $-IC stage at ignition, 


3.4.2 LOX Loading 


The LOX system supported CDDT and launch satisfactorily. Minor problems 
during CDOT were corrected without impact on the Taunch. There were no 
hardware fa‘lures nor propellant leaks during launch countdown. The LOX 
automatic loading sequence was initiated at -6 hours 29 minutes with S-IVB 
slow fill and terminated at -3 hours 7 minutes. Approximately 3418.2 m3 
(903,000 gal) of LOX were consumed during CDDT end launch countdown. At 
launch, about 1703.4 m3 {450,000 gal) were onboard AS-502 and flight LOX 
mass was within specifications. 


Two of the minor anomalies encountered during firal LOX loasihg are as 
follows: 


a. During the S-IC final fast fill secuerice, the speed cf the LOX trans- 
fer pump was manually adjusted raising the flowrate from G.524 m3/s 
(8300 gpm) to a desired level of 0.590 m3/s (935C gpm) in erder to 
avoid a loeding delay. The need fer this manual adjustment had been 
anticipated and was covered in the released Teading procedure. 


b. Level shifts were experienced by the S-IC LOX and RP-] recorders as- 
scciated with the automatic Propellant Tanking Computer System (PTCS) 
during LOX loading. The shifts had no effect on the operation of the 
PICS. The exact cause of the shifts has not yet been established, 
but investigation will continue, 
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3.4.3 LH2 Loading 


The LH2 system performed satisfactorily throughout CDDT and launch count~ 
down. The prelaunch fill sequences were performed with no anomalies or 
delays. Preconditioning of the S-II stage was initiated at -6 hours 25 
minutes and was ¢cntinued through -3 hours successfully cooling down the 
S-II stage. Avtomatic loading was initiated at -2 hours 58 minutes with 
transfer line chilldown and terminated at -1 hour 3] minutes, 


uring CODT approximately 1041.¢ m3 (275,CCC gal) of LH2 were consumed. 

This included losses frem three S-1] preconditioning runs, vehicle bait-off, 
and drair velume rot returned te the storage tank. Launch countdewn can- 
sumed 1748,S m3 (162,000 gal) frem the LH2 facility. At launch LH2 flight 
mass was withir specifications. 


The followirg anomalies were noted: 


a. Water entered the vehicle vent system at the burn pond after the re- 
plenish sequence was terminated during CDDT and launch countdown. This 
also occurred during AS-501 loading operations and was attributed ta 
siphoning action through the standpipes initiated by rapid closing of 
the stage vent. The AS-502 problem may have been caused by insuffictent 
helium purge resulting in cold ptping, thus allowing the helium to 
contract once the purge was terminated. This contraction could re- 
sult in lowering of the pressure and initiation of the siphoning action. 


b. After both CDDT and the launch countdown, several LH2 vent bubble caps 
were cracked which exposed the vehicle vent system directly to the 
atmosphere. These cracks are attributed to localized overheating 
coupled with rapid cooling by the splash‘ng water in the pond, 


¢. The debris valve in the LH2 fil: line was not closed until] 12 seconds. 
This conpromises the integrity of the fill line by raising the possi- 
bility that debris may enter the line during launch, 


3.4.4 Auxiliary Propulsion System Propellant Loading 


There were no problems encountered during propellant loading of the Auxil- 
iary Propulsion System (APS}. Propellants consumed during loading were 
as follows: 


a. Module ] 


(1} Oxidizer System (Nitragen Tetroxide, N20q) 


(a) ¥olume loaded 67,219.7 cm3 (4102 in.2) at 299.8°K (80°F). 

b) ¥oTume off-toaded 6096.0 cm3 (372 in.3) at 297.0°K (75°F). 

c) ¥Yolume removed with bubble bleed during burp firing 453.3 ems 
(28 in.3) at 304.5°K (88.5°F). 

(d) Volume removed with bubble bleed during countdown 622.7 cm3 
(38 in.3} at 302.6°K (85°F}. 
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{2} Fucl System (Mono Methyl] Hydrazine, MMH) 


(a) Volume loaded 67,219.7 cm3 {4102 fn.3) at 300.6°K (87 .5°F), 

(b} Volume off-loaded 1442.1 cm3 (88 in.3} at 301.5°K (83°F), 

{c) ¥Yolume removed with bubble bleed during countdown 622.7 cm3 
(38 in.3) at 302,0°K {ga°F), 


b. Module 2 


(1} Oxidizer System (Nitrogen Tetroxide, N20a} 


(a) YoTume loaded 67,219.7 cm3 (4102 in.3) at 300.9°K (82°F). 

te Volume off-loaded 6096.0 cm3 (372 in.3) at 300,9°K (82°F). 
Yolume femoved with bubble bleed durirg burp firing 344.1 om3 

(21 in.S) at 305,9°K (91°F), 

{d) Volume removed with bubble bleed curing countdown 491.6 em3 
(30 in.3) at 302.0°K (84°F), 


{2} Fuel System (Mono Methyl Hydrazine, MMH} 


{a} Volume loaded 67,219.7 cm3 (41¢2 in.3) at 299.3°K {79°F}. 

{b} Volume off-loaded 1442.7 cm3 (88 in.3) at 300.1°K (80.5°F). 

(c) Volume removed with bubble bleed during countdown 458.8 cm3 
(28 in.3} at 300.9°K (82°F). 


3.4.5 S-IC Stage Propellant Load 


Initial propellant loads were obtained from the KSC weight and balance Tag 
anc compared with the conttnuous level sensor data. This comparison showed 
the LOX load ta be 1103 kilograms (2432 ibm) greater, and the fuel load 
1259 kilograms (2777 Ibm) Tess than the KSC loads. The propulsion perform- 
ance reconstruction utilizing an RPM match was able to follow the continuous 
level sensor data for both LOX and fuel with an accuracy of +1.27 centi- 
meters (+0.5 in.}. The reconstruction also matched the residuals calcu- 
lated from level sensor and line pressure data indicating that the pro- 
pellant loads calculated from the level sensor data are accurate. The 
reconstructed LOX load is 0.08 percent azo0ve <SC indicated values, and 

the reconstructed fuel load is 0.20 percent below KSC indicased values, 
Both are well within the predicted three sigma limits of +0.5 percent, 
Total propellants onboard at ignition command are shown in Table 3-2. 


3.4.6 S-I1 Stage Propellant Load 

The percertage of flight mass onboard the S-I stage just beatore each tank 

pressurizing time was indicated by the PTCS to be 99.96 percent for Ltiz and 
100.02 percent for LOX. Table 3-3 presents the S-II stage propellant load 

at $-IC ignition command. 

3.4.7 S-IVB Stage Propellant Load 


The PTCS indicated flight mass onboard the $-IVB Stage just prior to in- 
dividuat tank pressurization was 100.08 percent for LH? and 99.98 percent 
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Table 3-2. 


PROPELLANT 





PREJIETES 
PRLOR “GO 
LALINSR 


$-I¢ 


LIAL NG 
TORLE AT 
StL? LON? ,* 


1,428 633 
3,148,286 


612,19? 
1, $42 255 


2 CAR, 736 
4,493,541 


ty of 1137.3 kg/md {7 





2,938 O89 
4,633,196 


* 425,159 
3,780,748 


of lpm fe33 and Ree! 


BEST EST 
MINUS 
PRECICTEG 








Stage Propellant Mass at Ignition Command 


BEST EST 
NINUS 
TaYITION 


density s* 802.5 agiud 


“Rased on 1% cessity of 7136.6 xy/*3 (70.97 IpmsFe3} ane R2-1 density of 8C}.9 «y/nd 
(20.935 Thay 03}, 


KSC prope lanz mess readouts are save as loacirg tabie dats at ‘gnitien. 




















Table 3-3, S-II Stage Propellant Mass at S-IC Iqnition Command 
T 
{1 FVFI 
Ps SFUSOR 
PRIPELLAYI SYSTEM cana 
Lox 358,2°2 360,682 
739,955 795,178 
La, £3,964 69,905 
. t TED USS 153,23" 
Total k3 servi 42 i 284 
Tou 941,602 Re 
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for LOX. Table 3-4 lists the S-IVE propellant Toad at S-I€ ignition com- 
mand. Simulation-trajectory match results were used in conjunction with 

the listed data to determine the best estimate values, The best estimate 
propellant masses are 0.46 percent hicher for LOX and 0.07 percent lower 

for LH2 than the predicted values. These deviations were well within the 
required loading accuracy. 


3.5 S-IJ INSULATION PURGE AND LEAK DETECTION 


The S-II insulation purge and leak detection system performed effectively 
during prelaunch operations. It was necessary to activate auxiliary back 
Purge in the sidewall insulation during terminal count; however, detailed 
inspection by eparatianal television failed to identify any Teak in the 
external irsulation surface. Data recorded during this time indicated an 
irterconnecticn developed between the sidewall and feedline elbow flaw 
circuits in terminal count following the LHe fil? sequence. Reevacuation 
of the ceommam bulkhead was accomplished at -] hour 33 minutes without coa- 
promise to the purge system. 


3.6 GROUND SUPPORT EQUIPMENT 


Ground systems performance was highly satisfactory, The swing arms, hold- 
down arms, tail service masts, propellant tanking systems, and all] otner 
ground equipment functioned wel] in support of AS-502 Taunca. Tasle 3-5 
gives the start times for some of the pertinent ground/vchicle interface 
events. There were relatively few anowalies, and launen damage was light 
in most areas. Setailed information of ground equipment serformance, 
prohlems encountered during Taunch preparations, and blast damage to the 
complex and equipment is given in Apollo/Saturn ¥ Sround Systems Evalua- 
tion Report AS-592, Kennedy Space Center, May 1368. 


Table 3-4. S-IVB Stage Propellant Mass at $-1¢ Egnitian Command 





































[6)_—<—<——— = a : 
FRECICTED oT LLYLe ! | 
PRIOR TG | [mDIcA7LE SUnSOR ! FLOW west 
PROPELLANT | wITS | La.icH | feuR@ec-zp; | (EXTRAPGLATED) F ANTESAL | CSTCMATE 
LO4 kg - $8,401 8a 184 S a5 
Ves 193 4i2 194.553 19¢ 7428 186 aug 
Z 2,09 ae 
ly ky 19,269 19,309 *dyzas | 1ajesa : aT 
bm 425482 421989, AB ee | eds EG x 
‘ 2a 1 
Total | ke Ive ,359 RAP 197,434 | “£7,314 
ibn 248.890 | 29? 952 236,853 | 728 ba 
bu s> 4 L 
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Table 3-5. Ground/Vehicle Interface Events 


RANGE TIME 
a eee 
Arm 3, S-I] Aft (Access) (Start Arm Retract (SAR]} -0C : 26:06. 74 


Arm 9, Egress Arm (SAR) -0C 26:06 .40 
46. 

















C-Ball Cover (Start Cover Retract) -0C:04: 








Arm 1 S-IC Irtertank (SAR) -00: 00: 26.27 
4+ 










Arm Z, S-IC Forwarc (SAR) -O0:00: 















Initiate Release System 
Arm Liftoff Switches 


Laurch -60: 


Commit 

















Folcdown Arn Release, Primary (Preumatic) 





Liftoff Switches (Fosition II-[¥}, Primary (1 inch) 











firm 8, CM/SM Arm {SAR} 





Arm 7, IU/S-IV8 Forward (SAR) 








Tail Service Masts (3), Primary (Pneumatic) 








Arm 4, S-II Intermediate (SAR) 








Arm 5, S-II Forward (SAR) 








Arm 6, S-IVB Aft (SAR) 


Two problems associated with the S-I1] stage oriented pressurization and 
servicing system were as folTows: 


a. The system experienced an excessive loss of helium during COLT and 
the launch countdown. Replacomant of two relief valves, suspected as 
sources of leakage, did not reduce the Toss af helium during launch 
countdown. Troubleshooting of this system will continue. 


bh, S-Il engine start tank temperatures, although within required limits 
at launch, were colder than expected. Helium used to condition the 
start tanks is prechilled by the GSE LH2 heet exchanger. An analysts 
af the engine scrvicing system will be performed to isolate this 
problem. 
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Overall damage to the launch complex and support equipment was less than 
occurred at AS-SCT launch. Modifications incorparated to reduce blast 
damage Lelow that experienced on the previous launch were effective. Some 
pene ee of damage revealed by post launch damage assessment are as 
follows: 


d, 


RP-] System, The mast cutoff valve in tail service nast 1-2 opened 
at liftoff causing activation of the Ansel fire chemical systam in 
Mobile Launcher (ML} Room 4A. This resulted in the RP-1 distributor 
cabinet being filled with fire extinguishing powder. 


LOX System. Thirty one cables on Tevel 39 sustained varying degrees 
of burn damage. The jacket of a section of vazuum-insulated piping 
near level zero was dented, 


Environmental Control System (ECS). Launch damage was approximate ly 
the same as was experienced during the launch of AS~50]; however, the 
ECS ducts were more extansively damaged. The horizontal ducts on 
level zero and toe first 6 meters (approximately 20 ft) of vertical 
ducting were comaletely destroyed. The second b-meter section of 
ducting also suffered extensive blast damage and the supporting struc- 
ture was bro<en louse and severely warped. 


Hoiddown Arms. The holddown arm hoods were warped. Arm 3 hood was 
warped extensively, Grouting between the holddown arm bases and the 
LUT deck prevented recurrence af the AS-591 flame damage to arm in- 
terior components. 


Swing Arms. Damage was somewhat more widespread than for AS-501 launch 
but “ewer major components were affected. Lower swing arms, particu- 
larly arm 1, sustained the qreater damage. There were fires in the 
lower hinge areas of arms 4 and 6 resulting from rycraulic of] leakage 
through toesened "B" nuts, 


S-IC_ stage oriented mechanical GSF. Storage racks an LUT levels 60, 100 
and 120 sustained varying amounts of engine exhaust damage. One rack 
was completely destrayed but tre others are considered repairable. 


SECTION 4 


TRAJECTORY ANALYSIS 


4.1 SUMMARY 


Actual trajectory parameters of the AS-502 were close to cominal until the 
premature shutdown of two engines on the S-II stage. After this oremature 
shutdown, the trajectory deviated significantly from tne sominal throughout 
the remainder of the mission, 


Space-fixed velocity at $-I¢ Launch Vehicle Digital Computer (LYDC) sensed 
Outboard Engine Cutoff (OECO} was 7.28 m/s (23.89 ft/s) greater than 
nominal, At S-II LVDC sensed Engine Cutoff (ECO), compared to nominal 
cutoff, the snpace-fixed velocity was 102.36 m/s (335.82 ft/s) less than 
nominal and the altitude was 6.39 kilometers (3.45 9 mi} higher than 
nominal, At S-IVB velocity cutoff command, compared to nominal cutoff, 
the space-fixed velocity was 48.94 m/s (169.56 ft/s) greater than nominal; 
the cause of this overspeed is discussed in Section 10. The allitude at 
S-IVB velocity cutoff command was 0.79 kilometers (0.42 9 mi} lower than 
nominal and the surface range was 498.469 kilometers {269.15 n mi} longer 
than nominal. 


Parking orbit insertion conditions deviated considerably from nominal be- 
cause of anomaties that occurred during the powered portion of flight, 
The space-fixed velacily aL insertion was 48.16 m/s (158.00 ft/s) greater 
than nominal and the flight path angle (elevation of space-fixed velocity 
vector from local horizontal) was 9.378 degree less than nominal. These 
conditions produced an orbit which was quite elliptical with an eccentri- 
city 0.0138 greater than noninal. Tae resulting apogee of the parking 
orbit was 171.54 kilometers (92.63 n mi) higher than nominal, and the 
perigee was 12.17 kilometers (5.57 n mi} less than nominal. 


The S-IC stage broke up at approximately 397 seconds at an altitude of 
28.9 kilometers (15.4 n ni} according to photographic coverage. At this 
tine the actuai surface range and altitude as determined fram a theoreti- 
cal free flight sirulation, were within 0.10 kilometers (0.05 n mi} and 
1.42 kilometers (0.76 n mi), respectively, of nowinal. The free-flight 
trajectory indicates S-II] stage impact of 436.82 kilameters (235.86 n mi} 
further downrange than toe nominal impact point. 


The S-IVB stage failed to reignite. Shortly after the attempted reignition, 


the spacecraft separated from the launch vehicle on ground command to the 
spacecraft, The S-I¥3 stage reentered due to orbital decay on April 26, 1968. 
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4,2 TRACKING DATA UTILTZATION 
4.2.1 Tracking Curing the Ascent Phase of Ftight 


Tracking data were obtained during the period from the time of first 
metion thraugh parking orbit insertion. 


Postflight trajectory for the initia) portion of flight was estaalisred 
from a least squares curve fit of optical tracking data and was nerged 
with a best estimate trajectory, The best estirate trajactory utilized 
teleretered guidance yelocities as the generating parameters to fit data 
from GLOTRAC Station I and five different C-Band radar trac<ing stations. 
These data points were fit through a guidance error madel and constrained 
to the insertion vector obtained fram the orbital solution. Comparison 
of the best estimate trajectory with data from alt tae tracking systems 
yielded reasonable agreement. 


GLOTRAC Segment I data is a best estinate fit of the data from the various 
GLOTRAC sites. GLOTRAC Segment I provided data up to 4806 seconds. Com- 
parisons between these data and the trajectory show maximum differences 
of 300 meters (984 ft) in the vertical component, 20 meters (66 ft) in 
the crossrange component, and 109 meters (323 ft} in the downrange com- 
ponent. The vertical cosponent is the least accurately determined by 

the GLOTRAC system. These GLOTRAC data were received too late to be 
considered in the establishment of tre trajectory, but are helpful in 
ascertaining the validity of tne trajectary. The 6LOTRAC Segment I data 
were the only preciston tracking data available after 230 seconds. Com- 
parisons with the GLOTRAC Station I and Offset Frequency Doppler ‘QDQP) 
data show deviations which are cansiderably less than those obtained from 
the GLOTRAC Segrent I data. 


4.2.2 Tracking During Orbital Flight 


Table 4-1 presents a summary of the C-Band radar szations furn?shing 

data for use in determining the orbital trajectory. There were also 

considerable S-Band tracking data available during the orbital flight 
which were not used in detennining the orbital trajectory due to the 

abundance of C-Band radar data. 


The orbital trajectory was obtained by taking the insertion conditions 

and integrating them forward at the desired time intervals. The insertion 
conditions, as determined by the Orbital Correction Program (OCP), were 
obtained by a differential correction procedure which adjusted the 
estimated insertion conditions to fit the C-Band radar tracking data 

in accordance with the wefghts assigned to the data. After all the 

C-Band radar tracking data were analyzed, sone stations and passes were 
eliminated completely from use in the determination of the insertion 
conditions. 
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Taste 4-1, Summary of AS-502 Orbital C-Band Tracking Stations 


STATION TYPE OF RADARS 
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* Tracked Spacesrafs After S-17B/CSK Separation 





Final GLOTRAC Segment I data were received for the interval where the 
attemated 5-IVB stage reiqnition occurred. These data were received too 
late to be considered in the establishment of the trajectory; however, 
comparisons of the trajectory with these data help to indicate the _ 
validity of the trajectory. After the GLOTRAC data becane reliable (about 
11,590 seconds), the maximum deviations were about 270 meters (886 f+) 

in the vertical component, 175 meters (574 ft) in the crossrange 
component, and 125 meters (410 ft) im the downrange component. 


4.3 TRAJECTORY EVALUATION 
4,3.1 Ascent Trajectary 


Actual and nominal altitude, surface range, and cross range for the 
ascent phase are presented in Figure 4-t. The actual and nominal total 
earth-fixed velocities, and the elevation angles (elevation of earth- 
fixed velocity vector from the local horizontal) of the velocity vectors 
are shown in Figure 4-2. Actual and nominal space-fixed velocity and 
flight path angle during ascent are shown in Figure 4-3. Comparisons 
of total inertial accelerations are shown in figure 4-4. 


The combined burn tine of the 5-If, 5-11, and S-IV3 first burn was 

87.61 seconds longer than nominal; the 5-IC burned 0.85 seconds longer 
than nominal, the S-II burned 57.8% seconds longer than nominal, and the 
$-IVB burn was 28.95 seconds longer than nominal. The abnormally long 
S-II burn was the result of the premature cutoff of the two engines, 
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Figure 4-3. Ascent Trajectory Position Comparison 


causing the S-IVB to burn longer in attempting to arrive at the proper 
end conditions. The accuracy of the trajectory at S-IVB cutoff is 
estimated to be 41.0 w/s (3.3 ft/s) in velocity, and + 500 meters {1,640 
ft} in altitude. 


Mach number and dynamic pressure are shown in Figure 4-5. These para- 
neters were calculated using measured meteorological data to an altitude 
cf 50.2 kiloneters (27.1 n mi). Above this altitude the measured data 
were merged into the U.S, Standard Reference Atmosphere. 


Comparisons of the actual S-IF engine No. 2 premature cutoff conditions, 
with their corresponding nominal conditions, are shown in Table 4-2. 
Actual and nominal values of parameters at significant trajectory event 
times, cutoff events, and separation eyents are shown in Tables 4-3, 
4-4, and 4-5, respecttvely. The heading angle is the azimuth of the 
space-fixed velocity measured east of north. 


Until the S-I1 engine premature shutdown, the altitude was slightly Tower 
than nominal, the surface range was close to the nominal, and the total 
inertial acceleration was less than nominal. 


The theoretical free-flight trajectory simulation data for the discarded 


S-IC_and S-I! stages were based on initial conditions obtained from the 
final postflight trajectory at seoaration. The simulation was based 
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Figure 4-2. Ascent Trajectory Earth-Fixed Velocity Comparisan 


upon the separation impulses for both stages and nominal tumbling drag 
coefficients due to lack of tracking data for both stages. Photographic 
coverage of the $-IC stage indicated that the stage broke up at 397 seconds 
within ©.10 kilometer (0.05 n mi) surface range, and 1.42 kilometers 

(0,76 n mi) altitude of nominal. Table 4-3 presents the significant param- 
eters and theiy deviations from nominal; including Max Q, maximum accelera- 
ticn, apexes of spent stages, and maximum earth-fixed vetocities. A sum- 
mary of impact times and locations far the S-IC and S-I1 stages is pre- 
sertec ip. Table 4-6. Since there was no tracking or photographic coverage 
of the discarded S-II stage, its impact was simulated as noted above. 


Spacecraft separation was initiated on graund command to the spacecraft 


after it was ascertained that the S-1VEB stage had failed to reignite. The 
trajectory conditions at spacecraft separation are presented in Table 4-5. 
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As a result of the S-IVE failure to reignite for second burn, the S-IVB 
stage reilaired in orbit after spacecraft separation instead of flying the 
high apogee (lunar distance) orbit planned. 


The S-IVE stage reentered an April 26, in the ocean between the east 
coast of Africa and the west coast of India. 
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4.3.2 Orbital Trajectory 


The acceleration due to venting during parking orbit js presented in 

Figure 4-6. These accelerations were obtained by differentiating the 
telemetered guidance velocity data and removing accelerometer biases 

and the predicted effects of drag. 


A family of values for the insertion parameters was obtained depending 
upon the combination of data used and the weignts applied to the data. 
The solutions that were considered reasonable aad a sprcad of about 

+500 meters (1,640 ft} in position components and +1.0 m/s (3.3 ft/s) in 
velocity components. The actual and nominal parking orbit insertion 
parameters are presented in Table 4-7. 


The ground track of the first two revolutions in parking orbit for the 
AS-502 vehicie is given in Figure 4-7. 
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Table 4-2. S-II Engine No. 2 Premature Cutoff Conditions 


ACT-NOM 















PARAMETER ACTUAL 





NOMINAL 
















































































Range Time, sec 412.9 
Altitude, kn 177.26 177,80 ~0.54 
(n ri) (95.71 496.00) (-0.29) 
Surface Range, kr 933.27 936.43 -3.7 
(n ri) (503.93) (505.63) (-1.70) 
Space-f* xed Velocity, m/s 5,163.4 5,183.31 -30.17 
(ft/s) | (16,906.63 (77,005.61) (-98.98) 
Flight Path Angle, deg 1.611 1.647 -0.036 
Heading Angle, deq 78. 706 78.607 
Cross Range, km 8.87 11.41 
(n ni) {4.79 (6.16) 
Cross Range Velocity, m/s 92.30 82.86 
(ft/s) (302.82) {271.85} 
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Table 4-3. Comparison of Significant Trajectory Events 
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Table 4-4, 












Comparison of Cutoff Events 
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ACTUAL HOMES AL ACTANCH ACTUAL NOR INEL 
PARAMETER, 
SeIC LECD (SOLENOIO ACTIVATION} S-IC O£CO (L¥DC SENSED) 
Range Time, sec 144,72 144.61 0.11 148.4) 1a? 56 0.85 
Altitude, kr 4.07 55.60 0.47 59,44 58.39 ul 
nmi) (30.28} (31.02) (0.26) (42.10) (31,59) (0.60) 
Surface Range, “k” 78.38 75.58 _ 70.29 83.48 81,82 1,34 
(ar) (40, 76} (40.81) |] {-0.11) (44,90) (44.78) (0.723 
Soace-Fixed Yelocity, m/s 2626.74 2638.54 V7. 2752.56 2746.28 7.28 
tress} (9590.23) § = (8656.63) ] (-58.40} (3630.72)! (9006.82) (23.89) 
Flignt Path Angle, deg 20.145 } 20.251 “0,196 19.667 19.844 0,177 
Heading Angle, deg 75,13) 75.582 | -0.451 75.005 76.495 ~1.490 
cross Range, km -9,12 o.59! -0.71 -0.13 6.85 6,78 
n mi}; [-C.96) (u.32)*  (-0,38) (-0.C7) (0,35) (-0.42) 
Cross Range Velocity, m/s +3. 5 W.17,  =23.22 -3,77 18.17 5 =21.94 
{ft/s} | {-10.95) (56. 34) | (~66.34) {-12.37) (59,61); {-71.98) 
_ $-1l ECO {L¥DC SENSED) Se IVE ECO (VELOCITY CUTOFF COMMAND} 
Range Time, sec 576. 33 517,69 58.64 747,04 
Altitude, km 135.05 188, 70 6.39 190, 77 151,50 
(nom (195,34) (101.89) (3.45) (102.98) (109.40) 
Surface Range, km 1810.62 1500.43 310,19 2943.03. 2404.57 
(nm) (97? 68) (810.07) ] {167. $9) (1585.11) 17319.96) 
Space -Fiacd velectsys m/s 6725.67 - 6828.09: -102,36 7039.85 7790917 
ftis) , (2 065.85) | (22,401.67) 1 (-335.82) | (25,727.25) | (25,560, 73) 
Flight Path Angle, deq j 1.600 0.78 G.814 0.409 0.091: 
Headieg Angle, deg 83,388 81.807 1.7814 90.237 83.192 
Cross Range, km 30.60 23.56 7.04" 70,92 $2.47 19,45 
(n mi} (16.52) 412,72) {3.00} | (38.25) (28.33) (9.96) 
Cross Range Velocity, rs 166.77 16.79 296.81 256.93 3, 
(ft/s) (14.34) ] {51.51} (973.75) (e42.95) (730,84) 
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Tatle 4-5, Comparison of Separation Events 


PARAMETER ACTUAL 


KOMTHAL 


S-IC/S-I1 SEPARATION COMMAND 





Range Tire, sec 149.08 
Altitude, km 60.08 
(n mi) (32.44) 

Surface Range, kir 84.65 
(n mi} (45.71) 

Space-Fixed Velocity, m/s 2,765.14 
ift/s) {9,071.98} 

Flight Path Angle, deg 19.530 
Heading Andale, dea 74.996 
Cross Range, km -0.13 
(n mi) : (-0.07) 

Cross Range Velocity, m/s H -3,81 
(ft/s} (-12.50) 

Geodetic Latitude, dey North 28.843 
Longitude, deq East -79.780 


148.26 


59.05 
(31.88) 


83.51 
{45.09} 


2,755.03 
(9,038.81) 


19.725 
75.497 


0.66 
(0.36) 


18.26 
(59.91) 


28,833 
-79,788 


S~II/S-1VB SEPARATION COMMAND 


Range Time, sec 577.98 





Altitude, km 195.25 
{n mi} (105.43) 

Surface Range, ku 1,815.52 
(n mi} (989.32) 

Space-Fixed Velocity, m/s 6,728.65 
{ft/s} (22,075.62) 

Flight Path Angle, deq 1.597 
Heading Angle, deg j 83.416 
Cross Range, km 30.74 
{n mi} (16,60) 

Cross Range Velocity, m/s 172,83 
(ft/s) } (567.03) 

Geodetic Latitude, deq North 32,144 
Longitude, deq East -62.136 


} 





518.49 


188.78 
(101.93) 


1,505.90 
(813.12) 


6,834.44 
£22,422. 70) 


0.778 
81,639 


23.70 
(12.80) 


157.33 
(516.17) 


31.747 
-65.377 








ACT-4OM 


0.82 
1.03 
(0.56) 


1.14 
(0.62) 


10.11 
(33.17) 


-0.195 
-0.495 


58.59 


6.47 
(3.50} 


309..fi2 
(167.13) 


~105.79 
(-347.03) 


0.819 
V.777 


7.08 
(3.80) 


15,50 
(50. 86} 


0.397 
3.24] 








Table 4-5. Comparison of Separation Events {Cont} 


S-1V8/CSM PHYSICAL SEPARATION 


eae ron 


Range Time, sec 


Altitude, kn 
{n mi) ’ 


Space-Fixed Velocity, m/s 
(ft/s) 


Flight Path Angle, deq 
Heading Angle, deg 

Geodetic Latitude, dea Nurth 
Longitude. deq Cast 





11,667.82 


196.21 
(105.94) 


7,846.32 
(25,742.52) 


-0.281 
96.420 
31.993 
-85.117 


11,908.09 


661.31 
(357.08) 


10,574.07 
(34,691.83) 


14,360 
145.139 
21.412 
-45.680 


ACT-NON 


~240 .27 


-455.10 
{-251.14) 


-2,727.75 
(-8,949.31) 


-14.641 
~18,699 
10.5817 





-39.437 








Table 4-6. Stage Imnact Location 


PARAMETER ACTUAL 


S-IC STAGE IMPACT 


Range Time, sec 


Surface Range, kin 
{n mi) 


Cross ange, kr 

fa mi) 
Geodetic Latitude, ceq N 
Longitude, dey E 


S-I] STAGE IMPACT 





528.33 


635.38 
(343.98) 


3.79 
(2.05) 


39.2317 
-74.314 


NOMINAL 


ACT-NOM 








Range Titre, ser 


Surface Range, km 
(n mi) 


Cross Range, km 
(nm mi} 


Geodetic Latitude, deq North 
Longitude, deq East 


1,251.24 


4,648.43 
(2,509.95) 


152.16 
(82.16) 


31.205 
~32.182 
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1,151.52 


4,211.51 
(2,274,039) 


131.49 
(70.46) 


31.859 
- 36,722 


99.72 


436 .B2 
(235.86) 


21.67 
(11.73) 


-0.645 





4.540 





Table 4-7. 







Range Time, sec 
Space--ixed Velocity, m/s 


(Ft/s} 
Flight Path Angle, deg 
Enclination, deg 
Eccentricity 
Apogee*, km 
(n mi) 


Perigee*, km 
(n mi} 


Altitude, kr 
(n mi) 


Period, min 
Geodetic Latitude, deg North 
Longitude, dea East 















757.04 


7,842.69 
(25,728.64) 


-0.377 
32.567 
0.0741 


360.10 
(194.44) 


173.15 
(93.49} 


190.19 
(102.693 


89.84 
32,730 
-49, 388 














Parking Orbit Insertion Conditions 


PARAMETER ACTUA 










NOMINAL AST-HOM 
669,26 87.78 
7,793.93 48.16 
(25,570,643 (748,00) 
0.001 -0.378 
32,561 0.006 
0.9903 0.0138 
188.56 171.56 
(101.81) (22.63) 
185.32 -12.17 
(100.06) (-€.57) 
191.51 -1.32 
(103.413 (-C.72) 
88.23 3 1.61 






32,663 


-54.709 






*Based on a spherical earth of radius 6,378,165 km (3.443.934 n ni}. 
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SECTION 5 
§-1C PROPULSION 


5.7 SUMMARY 


The S-IC propulsion system consists of the engines, oxidizer system, fuel 
system, pneumatic contro] pressure system, and the camera ejection and 
purge system. Five F-] engines provide the thrust to prope] the Saturn ¥ 
launch vehicle during first stage boost. The F-1 engine is a single-start, 
6,770,193 Newton (1,522,000 bet fixed-thrust, bipropetlant rocket system 
using liquid oxygen as the oxidizer, and RP-1 as fuel, turbopump bearing 
coolant, and control system fluid. Liguid oxygen is stored in a cylindri- 
cal tank having a capacity of 1342 m3 147,408 ft*), allowing for a usable 
oxidizer supply of 1,489,960 kilograms {3,284,000 Ibm}. RP-1 (kerosene} 
fuel is stored in a tank having a capacity of 827 mS (29,221 ft3}, ai low- 
ing for a usable fuel supply of 646,823 kilograns {1,426,000 Ibm}. 
Pressurized Gascous Nitrogen (Glo) is used as a source of pneunatic 
pressure for propellant system yalye actuation and engine purging. During 
flight, GNz is used to purge the film camera and televis*on canera Tenses 
and to eject the film cameras. 


S-I¢ propulsion systems performed satisfactorily. In general, al] perform- 
ance flight data as determined fram the propulsion reconstruction analysis 
fell close to <he nominal predictions. Average engine thrust reduced to 
standard sea level conditions from 35 to 38 seconds was 0.20 percent lower 
than predicted. Average reduced specific impulse was 0.10 percent lower 
than predicted, and reduced propellant consumption rate was 0.07 percent 
less than predicted. 


The vehicle first longitudinal structural mode frequency coupted with 

the engine response to the oxidizer suction lines resonant frequency within 
the 116 to 140 second periad. This resulted in a vehicle longitudinal 
oscillation termed “POGO". 


Inboard Engine Cutoff ([ECO} {solenoid activation signal) occurred 0.1] 
seconds later than predicted. Outboard Engines Cutoff (OLCO} occurred 
0.85 second later than predicted, primarily due to lower than predicted 
average fuel flowrate. An intentional fuel level cutoff of the outboard 
engines was planned and attained, demonstrating the adequacy of this 
cutoff mode. An inboard engine LOX level cutoff was planned and attained, 
demonstrating the adequacy of this cutoff mode. 
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Tne usable LOX residual at QECO was 11,673 kilograms (25,735 ibm} of LOX 
compared to the usable 8544 kilograms (18,837 lbmi predicted and the 
usable fuel residual at OECQ was zero, as predicted. The higher than 
expected LOX residual was primarily due to a slightly higher than expected 
loading mixture ratio. 


All the subsystems except the camera ejection system and the control 
pressure system performed as expected. The camera ejection system 

ejected only one of the four film cameras. It appears that the system 
pheumati¢ supply pressure tubing failed during S-IC/S-1I separation. 

The con<ral pressure system performed satisfactorily during powered flight. 
After separation, however, the sphere pressure decayed unexpectedly, This 
decay may be due to a faj‘ure of the pneumatic lincs to solencid valves 
that control the LOX vent and relief valves. The planned correction for 
both of these problems on S-IC-3 and subsequent stages will be tke suk- 
stitution of stainiess steel tubing for the alumirum tubing that was used 
on $-IC-1 and S-IC-2. 


5.2 S$-IC IGNITION TRANSIENT PERFORMANCE 


The fuel pump inlet pretqnition pressure and temperature were 30.4 N/cmé 
(44.1 psia; and 274°K (33°F), respectively. These fuel purp inlet condi- 
tions were within the F-1 engine mode? specification limits (start bax 
requirements) as shown in Figure 5-1. The preignition temperature at the 
fuel pump inlet was corsiderably icwer than the fuel bulk temperature of 
294°K (70°F). Similarly, the LEX pump inlet preignition pressure and 
temperature were 55.4 K/cm (86.4 nsia} and 96°K fo2azer)e respectively, 
The LOX pump inlet concitions were also within the F-1 engine model 
specification limits as shawn in Fiqure 5-1. The fyel and LOX ullage 
pressures were 15,1 N/cm@ (27.7 psia) and t7.2 N/emé (24.9 psia), 
respectively, at ignitian, 


The engine startup sequence was normmal. A 1-2-2 start was planned and 
attained. Engine position starting order was 5, 1-3, 2-4. Two engines 
are considereg to start together if their combustion chamber pressurss 
reach 69 N/cm® (100 psig) in a 100-millisecond time period, Figure 5-2 
shows the thrust buildup of each engine indicative of the successful 
2-2 start. The major events during engine startup sequence are listed 
in Table 5-1. 


The best estimate of propellants consuned during tie oeriod between ignition 
and hoTddown arms release were 38,907 kilograms (83,/65 lbm) as compared 

to 38,923 kilograms (85,810 Ibm) by the reconstruction analysis. These 
consumptions are more than the pradicted consunption of 38,846 kilograms 
(85,643 Ibm). The more than predicted holddown consumption resulted in 
best estimate liftoff propellant loads of 1,398,599 kilograms (3,083,382 
lbm} for LOX and 600,604 kilograms {1,324,104 Ibm) for fuel, 
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Table 5-1, $-IC Stage Engine Startup Event Times 

















RANGE TIME, SECONDS 


Pewsey Tevomé 2 [ tenes | antes | ene 5] 










Start Solenoid Znergized 
MLY 1 Starts Open 

MLV 2 Starts Open 
Thrust Chamber lgnition 
MFY 7 Starts Qpen 

MFY 2 Starts Open 

Final Thrust 6K 

AT] Engines Running 
Launch Commit 

















NOTE: 





Times taken from data sampled 500 times per second. 
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5.3 S-IC MAIN STAGE PERFORMANCE 


Tne F-1 engine has a single bellshaped thrust chamber with an expansion 
area ratio of 10:1. The thrust chamber is cooled regeneratively by fuet 
which passes through tubes thet form tre thrust chamber wall. A double 
wa: led extension nozzle, utilizing turbopump turbine exhaust gases far 
inner wall coolant, is used to increase the expansion area ratio from 
10;1 to 16:3. The propellants are supplied to the thrust chamber by a 
direct drive turbopump driven by exhaust gases from a gas generator. 


Two analytical techniques were employed in evaluating S-IC stace propulsion 
systen performance. The primary method, propulsion reconstruction 
analysis, utilized telemetered engine and stage data to compute longitu- 
dinal thrust, specific impulse, and stage mass flowrate. Ir the second 
methad, flight simulation, a six-deqree-of-freedom trajectory simulation. 
was utilized to f't propulsion reconstruction analysis results to the 
trajectory. Using a differential correction procedure, this sfmutation 
determined adjustments to the reconstruction analysis of thrust and mass 
flow histor’es to yield a simulated trajectory which closely matched the 
observed postflight trajectory. $S-IC stage propulsion performance, as 
determined by reconstruction was completely satisfactory. 


Performance parameters compared weli with the nominal predictions over the 
entire flight as shawn *n Figure 5-3, 


Average engine thrus:, reduced to standard sea level conditions, at a 35 to 
38 second time slice was 0.20 percent lower than predicted, as shown in 
Table 5-2, Individual eng‘ne deviation from predicted thrust ranged 

from 0.86 percent lower {engine No, 2) to 0.33 percent higher (engine No. 
4), Average engine specif‘c ‘mpuise was 9.10 percent lower than predicted. 
Individual engine deviations from predicted specific impulse ranged from 
0.30 percent lower (engine No. 2) to 0.04 percent higher (engines No. 3 

and 4). 


Reduced to sea levye) ambient pressure, the stage average longitudinal 
thrust for the flight from propulsion reconstruction was 0.53 percent 
lower tnan predicted, wil wo. ..5- -.-.age longitudinal specific imputse 
as reconstructed was 0.17 percent higher than predicted. 


Flight simulation showed that the stage average specific impulse was 0.68 
percent greater than predicted. The flight simulation results were used 
in an attempt to explain the time and yelocity deviations at OECO. To 
explain the velocity deviation, an error analysis was made to determine 
tne contributing parameters and the magnitude a? the velocity deviat‘on 
caused ay each of these parameters. Table 5-3 Tists the various error 
contrioutors and the cutoff velocity and time deviations assoc‘ated with 
earn. 
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Table 5-2, S-IC Engine Performance Deviations 




















RECONSTRUCTION | DEVIATICN 

























PARAMETER ENGINE PREDIC™ED AVERAG 
ANALYSIS PERCENT TEVIATION 
PERCENT 










6757 eet 

Thrust. 6695 (1805) 

3 3 6766 (1521) 
10° N (10° Ibf) 6712 (1509) 
6730 (15°3) 















Specific Impulse 2577 ete 
2530 (264.1) 
2586 (263.7) 
258} (263.2) 0.04 


2588 (263.9) 


2521 (5779) R 
25a6 (5702) | -0.45 
2616 (5766) | -0.07 
2600 ($733) 0.30 
2601 (5734) 





N-s/kg (1bFf-s/lbm) 














2590 (264.1) 


2616 (3766) 
2598 (5728 
2618 (5772) 
2593 (5716) 
2610 (5755) 















Total Flowrate 









kg/s (bri/s} 






Mixture Ratio 


LOX/Fuel ; : : . 
NOTE: Analysis was reduced to standard sea level concitions {standard pump 
inlet conditions} at liftoff ptus 35 to 38 seconds. 


Table 5-4 presents a summary of the flight simulation results, reduced to 
sea level ambient pressure conditions, on the average values and deviations 
of longitudinal thrus¢, propellant flowrate, and vehicle ‘ongi tudinal 
specific impulse. 








The vehicle first longitudinal structural mode frequency coupied with 
the engine response to the oxidizer suction I‘nes resonant frequency 
within the 110 to 140 second period. The S-I€ stage engines exper‘enced 
chamber pressure oscillations building up to a maxinun at approximately 
125 seconds of 5,5 to 6.9 Nfemé (8 to 10 psid} peak-to-peak. The "POGO" 
phenomenon is discussed in detail in paragraph 9.2.3.1. 


5.4 $-IC ENGINE SHUTDOWN TRANSTENT PERFORMANCE 


Inboard engine cutoff was initiated by LOX level indication and occurred 
at 144.72 seconds (solenoid activation signal). Outboard engine cutoff 
was initiated by fuel level and occurred at approximately 148.41 seconds 
(start of Time Base 3 [T3]). This was 0.85 seconds later than the 
predicted time of 147,56 seconds. The late OECO was primarily caused by 
lower than predicted average fuel flowrate. 
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Table 5-3, S-IC Yelocity and Time Deviation Analysis at QECO 
(Simulation Yersus Predicted) 


VELOCITY DEVIATION (EARTH-FIXED} 
CONTRIBUTING ERROR FACTORS a oa 

Liftoff Weight Increase (0.16 Percent) 
Total Propellant Flowrate Decrease., (0.68 Percent} 
Axial Force Coefficient Difference 
Meteorological Data Difference 
Late JE&CO 
Late OECO 


Total Contribution 
Observed 


Difference (Observed - Total Contribution) 
TIME DEVIATION 


DEV. (ACT-PRED) 
at (sec} 


Initial Fuel Undertoading 
Fuel Flowrate Decrease 
Late IECO 

Residual Differences 


Total Contribution 
Observed 





Thrust decay of the F-1 engines is shown in Figure 5-4. The decay 
transient was normal. The osciltations which occur near the end of 
“tailoff" are characteristic of the engine shutdown sequence. 


Tre total stage impulse from OECO to separation was indicated by engine 
analysis to be greater than predicted, Telemetered guidance data also 
indicated the cutoff impulse was greater than expected, as shown in 
Table 5-5. These deviations are within the acceptable range considering 
the difference between the actual and predicted vehicle mass. 
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Table 5-4. Comparison of S-IC arate Flight Recanstruction Vata 
With Trazectory Simulation Results 
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2,784,236.9 
167.5 
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longitudinal tarust 





4 
Obft 














ko 


Vehicle mas¢ at nold- 9 
Ceo 


down arm release 


2,782 972.3 
6,135,402, 


13,372.28 13,277.90 0,638 


2,7BE 005.0 
6, 135,996.0 









ea 









Average mass kgis 13,782.86 






























lass fate Obms} 25,480.89 29,2777 25 281.49 
Averaje * Nes ska 2594,25 2598.57 2.1% 2672.00 
specific impulse (pf- 269,54 264.98 266.35 











$flbr) 





‘Parameters reduced to sea level ambient pressure. 
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Figure 5-4, S-IC Engine Shutdown Transient Performance 
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ENGINE THRUST, 108 bt 


Table 5-5. S-EC Cutoff Impulse 





PERCENT DEVIATION 
FLIGHT FROM PREDICT=D 


PARAMETER PREDICTEG ENGINE GUID. DATA ENGIKE GUID. DATA 
Cutoff N-s 8,975 026 10,755 582 9,141,331 





Impulse (1bf-s} 2,017 666 2,697,951 2,055,053 


Yelocity m/s 10.89 13.14 117 
Increase (ft/s) 35.73 43,1) 36.65 








5.5 S-IC STAGE PROPELLANT MANASEMENT 


S~1C stage uses an open loop method for achieving Propellant Utilization 
(PU). The propeltants loaded were 2123 kilograms {4681 Ibm) greater than 
predicted for LOX and 2363 kilograms (5224 lbm) less than predicted for 
fuel. This loading resulted in the desired propellant level cutoff 
signals. Since the S-1C stage uses an open loop method for achieving 
propellant utilization, the usable propellant residual deviations are the 
result of propellant loading and performance prediction inaccuracies. 

A summary of the propellants remaining at major event t’mes js presented 
in Table 5-6 and tne residuals are presented in Table 5-7. An inboard 
engine LOX level cutoff was planned and attained, demonstrating the 
adequacy of this cutoff mede. An intentional ‘ue? leve. cutoff of the 
outboard eagines was planned and attained, demonstrating the adequacy 

of this cutoff mode. 


5,6 S-IC PRESSURIZATION SYSTEMS 
5.6.1 S-IC Fuel Pressurization Systen 


Tae fuel pressurization system maintains sufficient fuel tank uliage 
pressure to meet the minimum Net Positive Suction Pressure (NPSP) require- 
ments of the engine fuel turbopump during engine start and flight. In 
addition, this system helps provide fuel tank structural cépabitity by 
keeping a positive pressure head at ali points instde the tank. The 

fuel tank is protected from overpressurization with 4 pressure relief 
system design which requires a double failure mode to occur to exceed 

the vank design pressure. Before engine ignition the fuel tark is 
pressurized with helium from a ground source. During flicht, the tank js 
pressurized with gaseous helium abtained by using the F-1 engine heat 
exchanger to heat helium which is supplied from storage bottles located 
in the LOX tank. The helium pressurization system satisfactorily 
maintained the required ullage pressure in the fuel tank during flight. 
The Hetium Flow Controi Yalves {HFCY) opened as programmed and the fifth 
flaw contro] valve was not required. In Section 2, Event Time Tables, 
these valves are designated "Fuel Pressurizing Valves." The heat 
exchangers performed as expected, 


Table 5-6. 


j Master 
Ieni tron 


~alcdiea 
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lecs 


+ Seyaraleon 








S-I€ Stage Propellant Mass History 









1,337,537 5 
50R1,151 
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36,259 
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61,992 
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Table 5-7, 


PROPELLANTS 


Usable Mainstage kg 
(tbm) 














Thrust Decay and kg 
Unusable*** (Tom) 


Usable Mainstage kg 


{1bm)} 










LOX bias, 





4 = 
“gas {30%} so they w111 


Does not include GOX pressurization gas. 


§-IC Residuals at Outboard Engine Cutoff 


PREDICTED ACTUAL 





LOX RESIDUALS * 





0 


11,202 
24,698 


Includes 150 kilograms (330 lbm} in LOX interconnect Mnes 
and 14,828 kilograms (32,690 Ibm) in LOX suction ducts. 




















DEVIATION 
















The low flow prepressurization system was commanded on at -96.87 seconds 
and performed satisfactorily, providing ullage pressure as shown in Figure 
5-5. 


The fuel high flow prepressurization supply yalve of the Ground Support 
Equipment (GSE) was opened at -1.34 seconds and maintained the ullage 
pressure within the band, At 0,82 seconds the No. 1 HFC¥Y of the onboard 
pressurization system was opened. The flow overlap between the onboard 
and the prepressurization systems seen on AS-501 did not occur for this 
flight. HFCV Ho. 1 was signalled to open by umbilical disconnect <nstead 
of launch commit, eliminating the flow overlap between the two systems, 
HFC¥'s No. 2, 3, and 4 were commanded open by the switch selector within 
acceptable times as shown in Table 2-3. These flows held the ullage 
pressure within the operating band as shown in Figure 5-6, The fifth HFCY 
was not required to operate since ullage pressure was maintained above 

the fifth HFCY switch actuation pressure. Helium bottle pressure as shown 
in Figure 5-7 stayed within expected limits. The heat exchangers performed 
within the expected performance limits. 


BO1 FL 


A5-502 FLIGHT DATA 
a aoe Ie 





V oSTART LOw FLOW FREPEESS,  -96.8? 
W LOW FLOW PREPRESS VALVE CLOSED ‘OM", -61.78 
Y HIGH FLOW PREPRESS SUPPIY Val YE 

OPEN “OK, -1,34 


Y LAUNCH COMMIT, C212 
S-iC UMBILICAL DESCONNELT, 0.74 
HECY NO. 1 O7EN "OK", d.82 


FUEL ULLAGE PRESSURE, N/cm? 
FUCL Wt AGE PRESSURF, psia 

















+120 -t00 80 -60 - #0 -20) 0 20 
RANSE TIME, SECONDS 
KOTE: ALL TIMES REFER “OG AS-SU2 DATA 
TIME BASE FOR AS-501 AND AS-502 DAIA LS NOT THE SAME 


Figure 5-5. S-I€ Fuel Ullage Pressure During Countdown 
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Figure 5-6. S-IC Fuel Ullage Pressure During Boost 
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Figure 5-7, S-IC Helium Bottle Pressure for Fuel Pressurization 
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5.6.2 S-IC LOX Pressurization System 


The LOX pressurization system provices and maintains sufficient LOX tank 
ullage pressure to meet the minimum NPSP requirements of the LOX turbo- 
pump during engine start and flight. In addition, the pressure provides 
additional LOX tank structural capability by keeping a positive pressure 
head at all points inside of the tank, This system also protects the LOX 
tank from overpressurizaticn. Befare engine ignition, the oxidizer tank 
is pressurized with helium from a ground source. During flight, the 

tank pressurization is accomplished with Gaseous Oxygen {G0X) obtained by 
using F-1 engine heat exchangers to convert oxygen from liquid to gas. 


Tre LOX pressurization systen performed satisfactorily and al] performance 
requirements were met, The graund prepressurization system maintained 
ullage pressure within acceptable l{mits until launch commit. The onboard 
pressurization system subsequently maintained ullage pressure within the 
GOX Flow Control Yalve (GFCV) band during the flight. The heat exchangers 
performed as expected, 


The prepressurization system was initiated by opening of the ground supply 
valve at -66.65 seconds. The ullage pressure increased until] it entered 
the switch band zone which resulted in terminating the flow at approxi- 
mately -58.84 seconds. The ullage pressure increased approximately 

1.34 Nfemé (1,95 psi) aboye the prepressurization switch setting to 

18.75 N/om2 (27.2 psia). This overshoot is similar to that seen on AS-5U1, 


The LOX tank ullage pressure history is shown in Figure 5-8. During 
flight, the ullage pressure was maintained within required limits by the 
GFCY throughout the flight and followed the anticipated trend. Tae GECY 
reached full open at 120 seconds and remained open until the end of 
flight. The maximum GOX flowrate during full open nosition of the valve 
was 25.85 kg/s (57 Ibm/s). After IECO, the 30X flow requirements for the 
remaining four engines increased until] SECO. 


5.7 S-IC PNCUMATIC CONTROL PRESSURE SYST=M 


The pneumatic control pressure system uses pressurized GNo as a source of 
pneumatic pressure for propeltant system valve actuation and engine 
purging. GNz is supplied by a grouid source to the stage GN» fill system 
and to individual ground controlled, stage pneumatic valves uring 

Stage systen test, checkout, static firing, and prelaunch operations. 
Late in the prelaunch operation, the stage GNp system ts charged to 
flight storage pressure. The pneumatic control pressure system on the 
S-1C stage performed satisfactorily during the 148 second flight. The 
actual pneunatic control regulator outlet pressure measured 521 N/cm2 
(755 psia) as shown in Figure 5-9, The control pressure system succeeded 
in actuating the orevalves after engine cutoff. ‘AI? instrumented pre- 
valyes indicated clased positions. 
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Figure 5-8. 








S-IC LOX Ullage Pressure 
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The control sphere pressure decreased to 1793 N/cm? (2690 psia) during 
prevalve actuation and then leveled off for about 2 seconds as shown 

in Figure 5-10, At this time, approximately 157 seconds, the sphere 
pressure started decaying rapidiy. It is suspected that the pneumatic 
lines to the solenoid valves that control the LOX tank vent and relief 
valves burst during the severe environments imoosad by S-IC/S-IT 
separation. A thermal analysis of the preumatic lines was conducted 
assuming twice the design separation environment. ata from AS-591 and 
AS-502 flights indicate that the separation environment may be of this 
magnitude. The thermal study indicated that toe 6061-T6 aluminum tubing 
would reach a temperature of 739°K (870°F) 3 seconds after separation. 
With a 517 N/em@ (759 psia) pressure in the lines, the ultimate stress 
of the lines is exceeded at 544°K (700°F). Flow analysis indicated that 
@ broken line would have a maximum flowrate of 0.067 kg/s (0.147 lom/s}, 
while the average flowrate out of the sphere was 0.986 kq/s (0.19 lbm/s}, 
The difference between these two values is attributed to fuel tank vent 
vaive cycling and other system demands. 


ECP 447 has been approved and the 6061-T6 aluminum lines to the solenoid 
valves that control the LOX tan< vent and relief valves will be replaced 
with stainless steel lines for 4S-303 and subsequent vehicles. This 

will eliminate the possiajlity of line rupture due to high temperatures. 


5.8 S-IC PURSE SYSTEM 


The turbopump LOX seal, gas generator actuator housing, and radiation 
calorimeter purge systems performed satisfactorily during the 148 second 
flight. The LOX dome and Gas Generator (GG) LOX injector purge system 
also met al¥ requirements. 


5.9 S$-IC CAMERA EUECTLUN AND PURGE SYSTEM 


The camara ejection and purge system utilizes GN> to perforn its funet‘on 
during flight. The GNo is supplied by a ground Source to the onboard 
system, During flight GNo from the system's storage sphere is used to 
purge toe separation viewing cameras lenses, to eject the two separation 
viewing cameras,and toe eject two LOX viewing cameras, A schemat’¢ of the 
camera ejection system is shown in Figure 5-11, 


Tne system ejected only one of the four film cameras. The camera frame 
rate measurement for separation camera No. 1 went to zero at 174,25 
seconds, indicating ejection of that camera. Frame rates for the remain- 
ing three cameras did not change, indicating that there was neither 
ejection nor sufficient motion of the capsules within the ejection tubes 
to disconnect the electrical plug. 


A study of possible system failure modes was conducted ta determine the 
most probable cause of failure. These analyses indicate the most 
probable reason for failure to eject three of the four cameras was 
jnadequate bottle pressure at ejection command due to failure of the 
purge system tine very near the purge system soleno*d valve (see 

Figure 3-11). 
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Figure 5-10. $-IC Control Sphere Pressure 
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Figure 5-11. S-IC Camera Ejection System 


No flight measurement of bottle pressure was made. Ground measurements 
showed bottle pressure to be 1668 Nyeme (2450 psia) just prior to 
liftoff. Figure §-12 shows the minimum predicted sphere pressure for 
normal operation compared to the predicted pressure assuming failure of 
the purge line. 


If the system operates normally, bottle pressure at ejection cammand is 
approximately twice that required for camera ejection as demonstrated 
by ground ejection tests. However, with a purge line failure, bottle 
pressure at ejection command would be below the required pressure for 
ejection, 


The fallawing improvements to the camera ejection system have been 
proposed: 


a. The aluminum purge system lines in tre vicinity cf the suspected 
fai_ure will be replaced with stainjess steel lines. 


b. The lines in this same area will be redesicned and provided with 
‘mproved supports to reduce the probability of vibration darage. 
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Figure 5-12. S-IC Predicted Camera Ejecti 












iag 160 78¢ 2c9 


en and Purge Sphere 2ressure 


c, {Cabling to the thrusters which open the camera doors will have 


additional insulation installed as prote 
heating. 

d, Flow balancing orifices in the purge sys 
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in the event of purge line breakage down 
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ction from 5-1] ullage motor 
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ines. In the event that one 
pressure will be maintained 


in the second l‘ne far ejection of two of the cameras. 
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SECTION 6 


5-11 PROPULSION 


6.1 SUMMARY 


The S-II oropulsion system consists of five single-start liquid 
vinropellant J-2 engines, Liquid Oxygen {1.0X) and Liquid Hydrogen {LH2)} 
propellant systems, propellants management, pressurization, pneumatic 
control pressure, recirculation and camera ejection systems. The five 
engines are functionally independent but are clustered and controlled 
to form an integrated mainstage propulsion systen for the $-II stage. 


The S-1E propulston system performed satisfactori’y during the first 169 
seconds of operation following Engine Start. Command (ESC). Engine thrust, 
as determined by reconstruction analysis and telemetered propulsion 
measurements at 60 seconds after ESC, was only @.43 percent below pre- 
diction, Total propellant flowrate was 0.53 percent below and specific 
impulse 0.08 percent above pred‘ctions at this time slice. 


At 319 seconds a sudden performance shift was exhibited on endine Na. 2 
with thrust decreas‘ng approximately 33,806 Newtons {7600 lbf). The 
engine continved performance at the reduced level until 412.3 seconds. 
By 472.92 seconds the dropout of thrust OK switches indicated engine 

No. 2 cutoff, and at-414.18 seconds engine Na. 3 also cut off. Postflight 
evaluat‘on of telemetered data led to the conclusion that the ergine 

No. 2 Augmented Spark Igniter (ASI) fuel Tine failec ard ultimately 
caused failure of the engine. Since the flight, testing at Marshall 
Space Flight Center (MSFC} and the engine manufacturer's facility has 
substantiated this conclusion. The testing reveals that an oxidizer 
rich mixture, caused by a fuel teak, creates very high tenperatures and 
rapidly erodes the injector. Because of this erasien the LOX dore of 
engine No. 2 eventually feiled,openine the LOX high pressure system and 
causing Engine Cutoff (ECO). A madification of the ASI propellant feed- 
lines (both fuel and LOX) and their installaticn is being accomplished. 


Interchanged Lt.’ prevalve contre] wiring connections between engines 
Ro. 2 and 3 solenoids caused the premature cutoff of engine Ke. 3. 

When engine ho. 2 cutoff the LOX prevalve on engine No. 3 was commanded 
closed. Ar individual checkout of the prevalye wiring during prevalye 
timing checks is planned for future vehicles. 
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S-IT burn time, from engine ignition (Start Tank Discharge Valve [STDV] 
open) ta ECO {start of Time Base 4 [Tq]) was 425.31 seconds which 1s 
57.81 seconds longer than predicted. The extended burn time was caused 
by the premature cutoff of engines No. 2 and 3, Loss of the two engines 
reduced propellants consumption approximately ¢0 percent and required 

a longer burn time to reach propel lants-depletion. 


The propellants management subsystem met all performance requirements. 
However , the Propellant Utilization (PU) mixture ratia ste > a5 sensed 
by the Launch Vehicle Digital Computer (LVYDC), occurred 77°53 seconds 
later than predicted after ESC because of the two engines out condition. 
Propellant Toadirg was ¢.48 percent above the predicted. Residual pro- 
pellants remainirg in tanks at ECO were 3412 kilograms (7523 Ibm) con- 
pared to the prediction of 3264 kilograms {7195 lbm}, with no 0.5 second 
time delay incorporated, The discrepancy in residuals was caused by 
Jiguid level measurement errors that developed from "tilted" liquid 
level surfaces after engines No. 2 and 3 cutoff. 


The performances of the LCX and LHz tank pressurization systems were 
satisfactory. The premature loss of two engines supplying GOX through 
heat exchargers to the LOX tank caused the ullagé pressure to decrease 
below the regulator band late in the flight. LOX pump fnlet Net 
Positive Suction Pressure (NPSP), however, was more than adequate 
throughout the flight. 


The engine servicing system operated satisfactorily with the exception 
that the engine start tanks were chilled more than expected but within 
required limits. The exact cause of these low temperatures is not 
known, However, detailed analyses are being conducted of toe Ground 
Support Equipment (GSE) LH? heat exchanger and engine burge and loading 
operations in order to tsolate the problem. 


Both LHg and LOX recirculation systems performed satisfactorily and 

met the required engine pump inlet and/or discharge conditions at ESC. 
However, there were some deviations of the Lig oump intet temperatures 
and the LOX pump discharge temperatures prior to ESC. Potential 

systen changes being considered at this time for AS-503 include improve - 
ments to the LH? system insulatign and increased helium flow from the 
LOX helium injection system, 


6,2 SII CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE 


During the S-IC boast pnase the LOX and Luz recirculation subsystems, 
shown in Figure 6-1, chill the ducts, turbopumps and ather engine 
components. Prior to engine start the recirculation systems are 

shut down. This opens the LH> prevalves, shuts down the LHo recirculation 
pumps and stops LOX helium (He) injection, Engine start signal is then 
received by the engine electrical controller which causes the propellant 
valves to open in the proper sequence. The contro’ler also energizes 
spark plugs in the Gas Generator (GG) and thrust chamber, ignites the 
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Figure 6-1. S=iI LHp and LOX Recirculation Systems 
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Figure 6-2, $-II Thrust Chamber Temperature 
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Thrust chamber warmup rates during the S-J€ boost ranged from 8.7 to 
12.5°K/min (15.46 to 22?.4°F/min) and closely paralleled the predicted 
rate. These warmup rates were nearly the sane as those experfenced on 
AS-501, confirming the conclusion that AS-50] results should be con- 
sidered "normal", The 4S-501 report recawmendation to accommodate the 
warmup rate was satisfied and the maximum allowable engine start 
temperature was increased fron 16] to 172°K {-170 to -159°F). Thrust 
chamber temperatures at engine start ranged fron 125 to 138°K (-235 to 
-210°F), well within the 88 to 172°K (-300 to -150°F} requirement. 


Both temperature and pressure condittons of the J-2 engine start tanks 
were within the required prelaunch and engine start boxes. The range 
af data points were near the cold temparature and high pressure side 
of the boxes as shown in Figure 6-3. Chilldown temperatures ranged 


from 90 tn 105°K (-298 to -271°F), (lower than predicted), and anatyses 


are being conducted to determine the pacer for increased chilling. 
Start tank pressures, 808 to 815 N/em2 (3171 to 1180 psia), were lower 
than for AS-501, as planned. The lower pressures were intended to 
increase tank temperatures but the increased chilldown offset this 
planned increase. 
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Figure 6-3. §-]1 Engine Start Tank Performance 
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START TANS PRESSURE, psia 


Prelaunch start tank warmup rates ranged from 16.1 to 19.0 K/cwe/min 

{23.4 to 27.5 psi/min} and 1.1 to 1.9°</min (2.0 to see comin The 
warmup rates during the S-JC boost were 10.0 to 14.8 N/eme/min (14.5 to 
21.4 psi/min) and 0.9 to 1.6°K/min (1.6 to 2.8°F/min). These rates are 
higher than experienced on AS-501 and are the result of very cold initial 
start tank temperatures. Engine No, 4 start tank indicated a considerably 
lower warmup rate and it is suspected to have had a small leak. During 
S-II engine operation, the start tanks refilled as designed, However, at 
approximately 473.5 seconds engine No. 2 start tank pressure started to 
decay probably caused by the failure of the start tank refitl line. 


A change to the start tank servicing system is being considered which 
woutd increase the launch facility start tank vent system Tine size 
from 2.54 to 3.81 centimeters (1 to 1.5 in.) from the stage umbilical 
to the main vent ling, This would incvease start tank temperatures 
approximately 11.1°K (20°F), 


All engine helium tank pressures were within the required prelaunch and 
engine start Timits. At -276 seconds, engine No. 5 helium tank pressure 
decreased below the redline of 2000 N/cme (2900 psia} te a minirun of 
1985 N/cm@ (2884 psia}, At -240 seconds, the pressure increased to 

2035 N/cmé (2950 psia); this was caused by erratic operation of the 

GSE pressurization regulator, 


Helium tank temperature during prelaunch chilldown ranged fror: 103 to 
110°K (-274 to -263°T}, approximately 7°K (12.6°F) lower than those 
exhibited on AS-501, Engine servicing procedures and the GSE LH? heat 
exchanger are being evaluated to determine the cause of these low 
temperatures. 


during tre S-IC Soost the helium tank pressure increase due to warmup 
rates was aroroximately 4 N/cme $5.8 psi} higher than that for AS-501; 
the rates were 21.9 to 39.2 N/emé/min (31.8 to 56.7 psi/nin). 


The LHz and LOX recirculation systems performed satisfactor’ly. At $-II 

ESC the predicted engine pump inlet conditions were obtained as shown on 
Figure 6-4. However, during prelaunch operations difficulties were 
experienced in maintaining engines No. 3, 4 and 5 pump discharge temperatures 
below the launch redtines. As shown in Figure 6-5 the LOX pump d‘scharge 
temperatures of engines No. 3 and 4 and the LH2 punp discharge temperatures 
on engines No. 3 and 5 were above the prediction bands most of the time 
from -210 seconds until just before ESC at 149.76 seconds. These same 
difficulties were experienced during the Countdown Derionstration Test 

(CDDT} at which time it was demonstrated that these temperatures 

decreased substantially after tank pressurization, Accordingly, the 

CDDT prelaunch maximum temperature redline for engines LOX pumps 

discharge was increased from 96.5 to 97.6°K {-286 to -284°Fi and the 

time was changed from between -100 and -50 seconds to a constraint at 

-22 seconds. Similavly, the maximum LH? pump discharge temperature redline, 
between -52 and -30 seconds, was changed to a constraint at -30 seconds 

and increased from 21.8 to 22,3°K {-420.5 to -419.5°F) for engine Na. 5 


6-6 


°K 


LH2 PUM? INLET TEMPERATURE, 


LOX PUMP INLET TEMPERATURC, °K 





LHe PUMP INLET PRESSURE, psia 


28 32 36 40 44 
25 415 
OENG NO. SATURATION = : 
WENG NO. 
oq | CLENG NO. 


“RS oe jE an “ 
A TY ‘: 
a 


PREDICTED ESC il 


2) B ENVELOPE 

20 

. START — S ENvELOPE { -425 
1 








8 ee 22 24 32 
Liz PUMP INLET eee ue 


Lax pid INLET PRESSURE, psia 
40 44 48 


on 
REQUIREMENTS 
ENVELOPE 








2] 23 25 27 23 31 33 35 
LOX PUMP INLET PRESSURE, N/cm2 
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Figure 6-5, $-11 LHo and LOX Recirculation System Performance 


providing that a cooling trend prevails. Engines No. 1 through 4 red- 
line limits were maintained at 21.8°K (-420.5°F) maximum but changed to 
a constraint at -22 seconds. Reconmended changes to the LOX recircula- 
tion system are presented in paragraph 6.9. Changes under considerétion 
for the LH2 recirculation system are: 


a. Insulate all bare flanges of the LH? return manifolds. 
b. Provide additional insulation cn J-2 engine carpanents. 


c. Retrofit improved evacuatior valves cn the Lh2 feed and 
recirculatior vacuum jacketed lines. 


The thrust buildup profile of each J-2 ercine is shown in Figure 6-€. 

All engine performance parameters were within the predicted thrust 
builcup envelope. Majer engine start event times are summarized in 

Table 6-1. The S-II stage engine start was commanded by the LVOC at 
149.76 seconds and the engine buildup transient conmenced at 151.02 
seconds {average} when the STDY opened. S-1I mairstage, average time for 
engines to reach 90 percent thrust, occurred at 153.08 seconds, 2.06 
seconds after STDY. The engine thrust levels stabilized between 

870,000 and 900,000 Newtons (195,500 and 202,200 lbf} prior to PU system 
activation at 155.26 seconds. 


Table 6-1. $-II Engine Start Sequence Events 
TIME OF EVENT IN RANGE TIME, SECONDS 


149,76 149.76 149.76 
150,98 450.98 150.98 
151.013 15).011 151.020 

153.57 152.93 353.03 153.02 152.86 
153.778 } 153.778 153.778 153.778 153,73? 
153.79 153.74 153.74 153.74 153.71 


6.3 S-I1 MAIN STAGE PERFORMANCE 
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Each of the five J-2 engines is a nigh performance, 1,000,250 Newtons 
(225,000 Ihf) thrust rated engine, using LOX and -Hp at a mixture ratio 
of 5.5:1 (can vary to as low as 4.5 for the desired propellant utiliza- 
tion at stage cutoff). It features a tubular wall, bell-shaped thrust 
chamber (27.5:1 expansion ratio), and two independently driven, direct- 
drive turbopumps powered in series by a single gas generator. After 

the initial start transient the engines operate at a high mixture ratio 
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Figure 6-6. $-IZ Engine Thrust Buildup 


until Engine Mixture Ratio (EMR) shift. At this time the EMR is changed 
to the Reference Mixture Ratio (RMR) until ECO. 


Two analytical techniques were employed in evaluating $-II stage 
propulsion system performance, The primary method, propulsion recon- 
struction analysis, utilized telemetered engine and stage data to 
compute longitudinal thrust, specific impulse, and stage mass flowrate. 
The second method, flight simulation, utilized a six-degree-of-freedom 
trajectory simulation to adjust propulsion reconstruction analysis 
results to fit the observed trajectory. Adjustments to the reconstruc- 
tion analysis of thrust and mass flow histories were deternined using a 
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differential correction procedure whicr yiciced a simulated trajectory 
closely matching the observed postflight trajectory. 


Average engine thrust, as ceterminec from reconstruction analysis, at a 
time slice of ESC +60 secords was 0.43 percent beTcw predicted as shown 
in Table 6-2, Individual encine deviatiers from predicted thrust rargec 
from 1,36 percent lower (engire No. 2} to 6.28 percent higher (engine 
No, 3). Average engine specific impulse was @,C& percent greater than 
predicted. Indivicual engine deviatiors fram predicted specific impulse 
ranged from 0.02 percent iower (engine No. 4) tc 0,17 percent greater 
(engine No. 3) than precicted. Fredicted averace performance character- 
istics of the S-II stage engine system are presented in Table €-3 for 
the total flight and for tke Figh ard reference mixture ratic burn times. 
Total flight averages are considerably below predicticns because cf the 
premature cutoff of engines No. 2 and 3. Durire the high mixture ratio 
burn, however, averace thrust and mass loss rate were only €.25 and 

0.33 percent below the precicted, respectively. 


Table 6-2. S-II Engine Performance Deviations (ESC + 60 Seconds) 
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Flight simulation showed the stage time averaged specific impulse during 
the high mixture ratio step operation ta be C.09 percent greater than 
predicted, in good agreemert with the recenstruction analysis. Detailed 
results ére presented in Table 6-3. 


The S-I1 stage propulsion system performarce is presented in Figure 6-7. 

A shift from normal performance occurred at approximately 319 seconds. 

The performance change is evidenced by a thrust decrease of 33,806 Newtens 
(7600 Ibf}. This has been attributed to an ASI fuel line leak on engine 
No. 2, At approximately 413 seconds a large step cecrease in stace 
performance was evidenced by @ reduction of stage thrust to 3,002,535 
Newtons (675,000 Ibf} and a change of propellants flowrate from 1213 to 
730.3 kg/s (2675 to 1610 Ibm/s}. This abrupt change in performance, 
approximately 40 percent, was caused by the shutdown of engines No. 2 
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and 3 and is discussed in subsequent paragraphs. Stage thrust dropped 
below the predicted value for a two engines out condition after engines 
No. 2 and 3 cutoff. Approximately 33 percent of this performance loss 
was caused by a reduction of axial acceleration that reduced engine LOX 
inlet pressure but the renaining effect has not been determined at this 
time. Analyses by the engine and stage manufacturers are in progress to 
determine whether data was in error or if an engine/stage perforniance 
deviation occurred, Current information indicates that 211 pressures 
for engines No. 4 and 5 dropped excessively due to an instrumentation 
bus change observed in a 47 ampere surge at the time of engines No, 2 
and 3 cutoff. Because of the low consumption rate of pronellants after 
cutoff of the two engines the Programmed Mixture Ratio (PMR) shift was 
delayed 77.23 seconds and was not sensed until 490,76 seconds. The twe 
engine out condition a‘so extended burn time 57.81 seronds to 425.31 
seconds with ECO, init‘ated by LOX depletion, sensed by the LYDC at 
576.33 seconds. 


A chronological list of events that arc believed tc Fave led to the 
failure of engine No. 2 are discussed briefly ir Table 6-4, Postflight 
data analysis led to the conclusion that the ASI fuel line, shown in 
Figure 6-8, had cracked at approximatcly 228 secords and continued to 
leak progressively until 319 seconds. Since the flight, testing at 
Marshall Space Flight Center (MSFC) ard the engine manufacturer's 
facility has substantiated this theory. The testing simulated an ASI 
fuel line failure by reducing the fuel supply, creating an ASI 9.5 LOX/ 
LH2 mixture retio, The high mixture ratio produced abnormally high 
temperatures in the main injectcr which caused severe erosion to occur, 
as evidenced in Figure 6-9. Further indications of the ASI fuel leak 
are reflected hy local decreases of engine compartment, engine instru- 
mentation packages, anc engire ko. 2 hydraultc actuator return fluid 
temperatures (discussed in paracraph 17.3} and evidence af cryogenic 
impingement on the No. 2 yaw actuator pressure transducer, as dtscussed 
in paragraph 8.3. 


The first incicatior of abnormal behavior was a gradual decrease in 
cramber pressure cf engine No. 2 starting at 260 seconds. The rate of 
decay was approximately C.07 N/cm2/s (0.10 psi/s}. At 318.9 seconds 
trere was a sudden change of engine No. 2 performance. At this time, 
fuel flcwrate started to increase and was followed by a general encine 
perfcrmance decrease at 319 seconds as shown in Figure 6-10. The 
ircrease in fuel flowrate is probably due to thrust chamber tube damage 
resulting from injector debris produced by the high ASI mixture ratio 
operaticn preceding this time. This damage resulted in the side loads 
shewn by the actuator aP. MSFC testing demonstrated this type of tuze 
bundle darage. Main thrust chamber pressure decreased 15.8 Nfome 
(22.9 asi) with proportionate reductions of pump discharge, main 
injection and GG injection pressures. During this performance shift 
however, fuel injection and turbine inlet tenperatures abnormally 
increased indicating that a fuel leak had developed between the flow- 
meter outlet and the engine fuel manifold discharge. Following the 
performance shift, engine No. 2 stabilized and continued oneration at 


Table 6-4. 5S-II Engine No, 2 Performance Shift and Cutoff 


RANGE TIME, SECONDS EVENT AND/OR PREVAILING CONDITION 


Cryagenic leak in engine compartment indicatedg 
engine compartment and engine Ho, 2 yaw 
actuator return fluid temperatures began to 
decrease (see paragraphs 3 and 8.3 


260 to 318 Chamber pressure decays at rate of 0.07 Nfem2 /g 
(0.10 psi/s}. 


280 Cryogenic impingement on pressure trarscucer 
believed to have occurred, Engine Na. 2 yaw 
actuétor “P transducer indicatec ar abrormal 
pressure rarp (see paragraph 8.3 


An increase in LH? flowrate occurred, 

Engine No. 2 Ltl2 Flawrate ircreased and engine 
performance decreasec; a tube bundle leak is 
believed to have beer. the cause, 


Ergire No. 2 chamber and fuel injection 
pressures ctegan a gradual decrease. 


Ergine compartment heating spike occurs {see 
paragraph 17.3) 


LOX come failed; the LOX high pressure system 
opened and the engine performance decayed 
rapidly. 


Mainstage OK pressure switches deactivate when 
LOX injection prassure decayed below switch 
setting and initiated ECO sequence. 





the reduced level until 412.3 secords. Inmediately after this time, as 
indicated in Figure 6-11, the LOX pump discharge pressure bagan to decrease, 
followed by 2 rapid increase of LOX flcwrate at 412.6 seconds, indicating 
that the LOX high pressure system had failed. It has been concluded that 
the LOX dome feiled from erosion caused by a hat oxidizer-rich ASI mixture 
ratio, Failure of the LH2 high pressure system was also indicated at 
412.6 seconds by < large flowrate increase. Engine failure was definitely 
evidenced by the rapid decay of thrust chamber pressure, main LOX and 

LH2 injection pressures, and propellant pump discharge pressures at 

412.7 seconds. Mainstage thrust OK pressure switches apened and 

initiated an engine shutdown sequence at 412.92 seconds. These anomalies 
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Figure 6-8. $-II J-2 Engine Diagram 


ASI INGECTOR 
MAIN INJECTOR 


LOX 


ERODED AREA 


Figure 6-9, 1 


6-16 


LH FLOW, 


LOX FLOW, 


N/em? 


aad 


PRESSUR 


TEMPERATURE, °K 


m/s 


m3/s 


VY FUEL FLOWRATE INCREASE, 318.9 
VY ENG PERFORM. UECREASE, 319.0 


90 








MAW | Lox IN. TNIECTION PRESSURE a ae 


600 LMAIN FUEL ate PRESSURE ——| |_| 
800 


























500 .- _. 
120 am =e 
- 250 
MAIN FUEL INJECTION TEMPERATURE 
110 E> ~ 260 
51 
80 4 
50 79 = 
N 
78 = 
49 
F 29 
] par] 
2g * 
rad 
1? 27 77 





318.4 218.6 318.8 319.0 319.2 319.4 319.6 319.8 320 


RANGE TIME, SECONDS 
Figure 6-10. SIE Engine No. 2 Performance Shift 


6-17 


PRESSURE, psia 


oF 


TEMPERATURE , 


102 gpm 


102 gpn 


nm 


~ 
A 3 


ersd “Janssayd L3INt 


a 
“a 


Oo 
foes 


udb 201 *MOT4 x07 
Le =F 
wi6 201 ‘moT4 2H 


a 





BouPULoJ4sd 440319 2 “ON auLbuz TI-§ ‘LL-9 aunBly 
SONOI3S *3WI1 JONYY 
SElp FElb 2eip Ode S Zip OZlb b'Zlp 22th O'ZIb 











S/o “MOT KOT 























= 
OGL ol per’ 
~~ 
Fa 
on2 02 & ' 91 
ey; 5 
ie 
OOF w= 6r° Fé.’ 
aq 
a 
Tv > Lag = 
3 4 oop Be 0 = =fos % re 
m z z = 
tn Fa z 2 
5 ong \ 1 - = 
m Vs 00s ARs: Shits: ape 
> 008 = < 
” 006 oo9 Sos Eheg Loe 
3 
0001~4 4313W0TLNaLOd a ; 
AE OTLVOIGNI 002 sé Ges 
NOILTSOd 3 
Pore XO7 NIV = 
am ; 098 00L a & ps" 
00 3 
006 S2l 


2 BUNSSWe NOLLIICNI TaNt NIvWa 
“Old “H] © FUNSSISd NOTIOZCNI XOT HIYW 

MOTS XOT © = -AYASS3Yd ISUVHISIC awd XCT c 

TUNSSRUd LITNT KOT A aunscayg FOUWHISTO dd °HI © 
BHNSS2¥d LIN eu4 ¥ 26°2lv ING 2 “ON ON3 II-S A 
JUNSSIYd YSGWVHD LSNYHL v 2°2tp Jan TE¥4 3H0G x01 AB 


6-18 





are apparently the effect cf the ASI system failure. As previously stated, 
testing at WSFC has repreducec the failure characteristics exhibited by 
engine ta. 2 and it Fas been concluded that the ASE fuel lire failure cid 
indecc iritiate ergire ho. 2 failure. It has been recommerded that the 
AS! fuel line and installaticr be impreved by redesign. 


Other engire parameters that reflect the cutcff characteristics of engine 
Ne. 2 are shower. ir Figure €-12. Tre GG LOX and fuel inlet pressures 
start to decrease rapidly at 412.7 secerds. This is the sane time that 
tke main LOX ard fuel irjecticr pressures similarty decayed. 


Ergine Nc. 3 was shutdown prematurely when its LOX prevalve was tn- 
advertertly closce by the shutcowr ef engine Nc. 2. The sequence of 
events ard changes of éngire parameters are showr in Figure 6-13. This 
figure shows the cecreases in mair LOX injecticr and thrust chamber 
pressures arc LOX flowrate that resulted from the closure of the LGX pre- 
valve. Approximately 0.60 second later, the engine No. 3 mainstage OK 
pressure switches actuated normally when the main LOX injectior pressure 
hac dropped to the switch setting band of 262 to 362 Nfem@ (380 te 

625 erin 
Engine No. 3 cutoff resulted from a wiring harness installation error; 

the control harnesses for engines flo, 2 and 3 LOX prevalve solenoias 

were interchanged. (Plug 206W17P7 was misconnected to receptable 206A507J1 
instead af 206A508J3 and plug 206W17P8 was misconnected to 206450801.) 

To prevent this from recurring the harnesses for subsequent stages are to 
be cither reinspected and/or redesigned. Also, revisions to the engine 
checkout program are to provide for individual engine prevalve timing 
checkout since the simultaneous checkout of all prevalves currently 
employed at KSC does not detect an error of the type experienced on AS-502. 


6.6 S-£] STAGE SHUTDOWN TRANSIENT PERFORMANCE 


The normal S-I1 engine shutdown sequence is initiated by a LOX Tow level 
indication, Five level sensors are located at the bottom of the propellant 
tank and engine shutdown is initiated when any two probes of the LOX tank 
detect a dry condition. This condition initiates the cutoff signe] and 
causes the engine propellant valves to close in the proper sequence 
resulting in engine thrust decay and the cutoff sequence is complete, A 
similar system is provided for the LHg tank to provide for a safe shut- 
down should LH2 depletion occur first. 


S-I1 ECO for AS-502 was initiated by LOX liquid level and ECO was sensed at 
576.33 seconds. This corresponds to 425.31 seconds of S$-II stage burn 

time. Engine cutoff transients for engines No. 1, 4, and 5 were normal 

but engines No. 2 and 3 had cut off earlier at 412.92 and 414.18 seconds, 
respectively. Thrust decay characteristics for engines No. 4 and 5 are 
shown on Figure 6-14. Thrust decay rates satisfied separation requirements. 
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Stag engine thrust decay (including a best estimate of engine No. 1) is 
presented in Figure 6-15. Thrust dropped from 2,354,744 Nevtons 
(529,370 Ibf) at ECO to 133,446 Newtons (30,000 1bf) (5 percent thrust) 
approximately 0.68 seconds later, 


The shutdown transient performance, based on telemetered perfcrmarce data, 
was determined for the S-II stage. The calculatec total engtre cutaff 
impulse was 578,088 N-s (129,960 Ibf-s) which corresponds te an equivalent 
velocity change of 2.74 m/s (8,99 ft/s). Comparisons of flight and pre- 
dicted values of cutoff impulse anc velocity change are presented in 

Table 6-§, Two reasons may be civen tc account for the large discrepancies. 
The most significant reason is that the two engines out condition reduced 
the 5-1] stage thrust approximately 4G percent. In addition, thrust 
verformance just prior te ECC was lower than normal and is partially 
attributed to lower than nornial accelerations, The remaining causes of 
this impulse ciscrepancy have not been identified at this time, 


Takle 6-5. S-II Cutoff Impulse 





FLIGHT PERCEN™ DEVIATION 
PARAMETER PREDICTED (3 ENGINES FROM PREGICTED 
(§ ENGINES) 





ENGINE | GUTD. DATA ENGINE | GUID. DATA 


Cutoff N-s 1,161,742 | 678,068 | 423,49 
Impulse (Tbhf-s) 261,171 | 129,960 $5 286 


Velocity m/s 5.53 2.74 2.01 
Increase (ft/s) | 18.16 8.99 6.59 






6.5 S-IE PROPELLANT MANAGEMENT 


The propellant management system controls toading and engine mixture 
ratios (LOX to LHe) te ensure balanced consumption of LOX and Lkp. 
Capacitance probes mounted in the LOX and Liz tanks monitor the mass of 
propellants. At PU activation {5.5 seconds after J-2 ignition) the 
system senses the LOX to LH2 imbalance and commands the ercine to burr 
at the high rate engine mixture of 5.5:1, When the excess LOX is can- 
sumed the PU system then commands the engine to burn at a mixture ratio 
of 4,65:1, striving for simultaneous depletion cf LCX and LH2 for 
maximum stage performance, 


The propellant management system satisfactorily performed the functions 
of propellant loading, mass indication, point sensor level indication, 
Propellant utilization and programmed mixture ratio aperation. 


The facility Propellant Tanking Control System (PTCS) functioned 
satisfactorily during S-IE loading and replenishment. The best estimates 
of liquid propellant mass in the tanks at CS€ are 69,275 kilograms 
{152,726 tbm} LHe and 359,033 kilograms (791,532 lbn) LOX based on 
flowneter integration and the masses. remaining at ECO. These propellant 
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Figure 6-14. §S-II Engine Shutdown Transient 
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Figure 6-15. S-II Stage Thrust Decay 
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quantities were 0.51 percent more than predictec fer LOX and 0.31 percent 
more than predicted for LH2. Best estimate propellant masses at liftoff 
were 0.48 percent above predicted values. 


The "PU Activate" command was received and the FU valves stepped from the 
nominal engine stert position to the full-clesed pesition at 5.5 seconds 
after ESC as shown in Fiqure 6-16, This provided a nominal EMR of 5.5 
for the first phase of S-1] Procrammed Mixture Ratio (PMR). Upon shut- 
down of engines No. 2 and 3 (approximately ESC +263 seconds} the PU valves 
maved momentarily off the higk EMR stop, returning at ESC +268 seconds 
after an excursion of approximately 5 degrees. Mo change in EMR or 
performance resulted since the PU valves are ineffective in this range 
of travel, At ESC +312.3 seconds the PU valves gradually moved to a 
position of -24 degrees at ECC, compared to a predicted yalue of -13.8 
degrees. Extrapolation of PU error signal data indicates that this step 
would have begun at ESC +268 secends under narmal engine operation, 
which js well witkin the predicted step tire of 250 450 seconds. 
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Figure 6-16. S-II Stage PU Valye Position 


Other than the temporary excursion that occurred at ESC +263 seconds, 

the differences between the actual and predicted histories of PU valve 
position were caused by the changes in liquid surface angle resulting 

from the early shutdown of engines No, 2 and 3. The initial thrust 
imbalance at engine failure caused the vehicle to pitch up. This caused 

a sufficient decrease in the PU error signal to drive the PU valves off 
the high EMR stop. The flight control system reacted to keep the vehicle 
on course, the engines gimbaled te keep the thrust vector of the rematning 


three engines passing through the vehicle Center of Gravity (CG). This 
Maneuver raised the liquid level at the LOX probe and towered it at the 
LH2 probe, increasing the PU error signal sufficiently to return the PU 
valves to the stop and delay the PMR valve step for 44 seconds. This 
delay was aggravated by haying only three engines burning te consume the 
increase in LOX error indicated by the PU probes, The tilt of lfquid 
surface was approximately 3 degrees ‘rom a plane normal to the vehicle 
longitudinal axis after attitude recovery by the flight control system, 
decreasing to approximately 2 degrees at ECO as the remaining propellants 
were consumed and the vehicle CG moved “orward. The difference in LOX 
burn-off rate between the AS-501 and AS-502 flights is indicated by 
comparing the rates of change of PU valve angles when PMR occurred for 
each flight. The ratio of the valve angle slopes between the two flights 
is about 3/5. Since two of the five engines were shutdown prior to PMR, 
this ts the ratio expected. 


Analysis of flight data shows that indicated changes in ligu‘d level due 
to liquid propellant sloshing were significantly attenuated by the PU 
systen, he PU valve response to the indicated change in propellant 
levels at 415 seconds (due to shutdown of engines No. 2 and 3) reduced 
from 89 to 17 deg/voit, Later in the flight after PMR step, changes in 
propetlant leve:s due to sloshing at frequencies of 0.4 hertz {contribu- 
tion from LHe tank} and 0.6 hertz (contribution from LOX tank) were 
observed in the PU error signal but were not observed at all in the PU 
valve response, indicating that slash dynamics were effectively fiitered 
from commands ta the PU valve positioning system, No changes affecting 
propellant utilization system dynamic performance are recommended for 
future flights. 


The lower than predicted position of the PU valve at ECO was the result 
of earlier errors in the measurement of LOX level; the previously mentioned 
LOX surface tilt caused a larger LOX mass to be measured and to be con- 
sumed by the engines, At approximately ESC +380 seconds, there was 
necessarily a deficiency of actual LOX mass in the tanks relative to Lz 
mass, The PU system therefore commanded that less LOX be consumed and 
reduced the mixture ratio below the 4.65 RMR setting. As ECO was ap- 
proached, the sensed PU errors became progressively larger based on a 
percent of propellant remaining, As a result, the PU valves were driven 
to an unusually Tow EMR position caustng the cutoff residuats to be 
excessively high. This explanation is supported both by the residuals 
listed in Table 6-6 and the fact that ECO was initiated by the LOX 
depletion sensors. 


Figures 6-17 and 6-18 show the PU system nonlinearity es determined by 
comparison of mass data from the PU probes and the engine flowmeters with 
corrections made far liquid surface tilt. The PU system error at cutoff 
signal was 373 kilograms (822 Ibm) of LH2 relative to that predicted at 
the actual LOX cutoff level. This compares to an allowable LH2 error of 
4665 kilograns (+1465 1bm), 


Table 6-6. S-II Stage Propellant Mass History 
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LOX liquid level initiatec engine shutdown sequence and the LYDC sensed 
ECO at ESC +426.87 secords. LOX remaining in the tank was 1814 kilograms 
(4000 ltm) versus 1988 kilegrams (4383 1bm) predicted. LH2 remaining in 
the tank was 1598 kilograms (3523 Tbr) versus 1276 kilograms (2812 1bm) 
predicted. Cutoff residuals were determined by extrapolation of paint 
senscr data tc the time af cutaff signal. A normal 0.5 second ECO time 
delay (minimize residuals) was not incorporated on AS-502; hence, the 
predicted residuals, shown above, do not include this delay. 


The kest estimate of LOX consumption was 357,219 kilograms (787,532 ]bm) 
@s compared to a prediction cf 355,215 kilograms (783,114 lbm}. The best 
estimate of LH2 consumption was 67,677 kilograms (149,202 lbm) compared 
te 67,783 kilograms {149,437 lbm} predicted. These correlations were 
made from S-I1 ignition ta S-IIT stage ECO command using data in Table 6-6 
without a 0.6 second time delay incorporated. 


Table 6-6 presents a comparison of propellant masses as measured by the 
flowreters, point sensors, and PU probes. The best estimate of propellant 
rass is based on the propellant residuals at ECO as indicated by the point 
sensors, and on integration of the flowmeter data, 


The best estimate of Taunch vehicle total mass at S-II ignition and cut- 
off, as determined from capacitance nrohe, point level sensors, flow 
eters and the trajectory simulation is 643,856 kilograms (1,419,460 Ibm) 
and 210,789 kilograms (464,710 lbm) respectively, as shown in Figure 6-19, 


6.6 S-II PRESSURIZATION SYSTEMS 
The S-1] pressurization system function is to pravide the necessary 
positive pressure to the J-2 engines propellant pumps and to increase the 


structural capability of the tanks. The systen is comprised of tank 
ullage pressure regulators and vent valves, LOX heat exchangers (integral 
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645.6 
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645.0 
PU PROBE 
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IGNITION MASS, 102 1bm 


part of J-2 engine), interconnecting tubing and manifolds. Prior to 
launch, the LOX/LHp tanks are prepressurized by ground source Gaseous 
Helium (GHe). During powered flight of the S-II stage, the LOX tank is 
pressurized by GOX fram the LOX heat exchanger. The LHe tank is pres- 
surized by GH2 from the thrust chamber hydrogen injector manifold and 
pressurization is regulated by the LH2 pressure regulator and vent valve. 


6.6.1 S-II Fuel Pressurization System 


The S-II LH2 tank ullage pressure during S-IC boost was sTiyhtiy “ower, 
as planned, than for AS-501. Figure 6-20 presents the fuel tank ullage 
pressure for AS-502 as compared to AS-501 from prepressurization until 
S-I1 Eto, 


VW VENT VALVE NO. 1 OPEN 60.5 VENT VALVE NO. 1 GPEN, 481 
WLVOC 3-11 ESC, 149.76 PF LVOC INTERRUPT (5-1; ECO SENSED} 
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Figure 6-20, S-II Fuel Tank Ullage Pressure 


The Lil2 tank vent valves for AS-502 were set to crack between 21.4 and 
22.8 K/cm2 (31 to 33 psia) as compared to 23.4 to 24.8 N/eme (34 to 

36 psia) for AS-501. During prepressurization the LHe tank was 
pressurized te 22.0 N/emé (32 psia) in 34 seconds. 


“Hi-press” was utilized as recommended after the AS-501 flight and was 
terminated by the cracking of vent valve No. 1. Vent valve reseat oc- 
curred at an uTlage pressure of 21.4 N/cm? (31 psia}. Ullage pressure 
decayed approximately 0.7 N/cem2 (1 psi) to 20.7 N/on2 (30 psia} at S-IT 
engine start which is wel] above the minimum requirement of 19.9 N/eme 
{27.5 psia). 


LH2 tank pressurization during S-II flight was normal. The regulator 
controlled the ullage pressure within the requlator band of 19.65 to 

20.70 N/em? (28.50 to 30 psia) up to the time of step pressurization. 

The ullage pressure increased after step pressurization and at 481] seconds, 
vent valve No. 1 cracked, controlling the pressure at 22 N/em2 (32 psia} 
until S-IT ECO. Yent valve No. 2 did not open during the entire flight. 


Figure 6-21 presents engine inlet data bands consisting of total pressure, 
temperature and NPSP. “he band extremes include data from <1l five 
engines during operations; however, after shutdown of engines No. 2 end 
3, only data from engines No. 1, 4, and 5 are shown. Engine inlet Lil2 
total pressure was obtained by adding calculated dynamic pressure to 
engine inlet LH2 static pressure, The total pressure increese after 
468.36 seconds was due to the increase in ullage pressure at step pres- 
surization. Engine ‘nlet LH2 temperature shows a gradual increase whick 
is the effect of stratification. The stratification was well within ac- 
ceptable limits. Engine inlet LH2 NPSP, abteined by subtractirg the Lk? 
vapor pressure from engine inlet LH2 total pressure, was well above the 
mihimum requirement, 


The HPSP increased, as shown on Figure 6-21, after 468.36 seconds as the 
result of ullage pressure increase at step pressurization. The gradual 
decrease in available IIPSP, commencing at about 5GC seconds, was the 
result of warmer LH2 entering the fuel pump, 


6.6.2 $-I] LOX Pressurizatior System 


Fiqure 6-22 presents the LOX tank ullage pressure, comnared to AS-501, 
fron prepressurizatien until S-II ECO. A pressure decay of only 0.2 N/cm2 
(0.29 psia) was recerded during S-IC boost as compared to 3.2 N/cr2 

{4.7 psia) tor AS-5C1. The reduction of pressure decay was due to the 
pretaurch evacuation of the common bulkhead. The LOX tank was pressurized 
to the pressure switch setting of 26.5 N/cm2 (38.5 psia} in 67 seconds. 
LOX tank "hi-press" was hot utilized since ullage pressure decay was 
predicted te ke negligible with the copmon bulkhead evacuated. Tie LOX 
tank ullage pressure at S-II engine start was well above the S-I1 engine 
start requirement of 22,7 N/emé (33 psia} and above the redline linits 

at launch, 


LOX tank pressurization system performance through 5-11 boost was adequate 
to maintain engine NPSP requirements; however, the ullage pressure 
decreased betow the regulator control band lower linit at abnut the time 
of EMR shift at anproximately 900 seconds, and was 24.0 K/cine (34.8 asia) 
at ECO. 


The engine heat exchangers supplying the pressurant gas do not aave any 
excess capacity when operating at notinal or low EM. The regulator at- 
tempted to keep pace with the demand by fully opening. slowever, with 
only three engines operating, sufficient pressurant cas was not available 
to maintain the ullage pressure. Although fewer engines were consuming 
propellant, the LOX and tank surface areas which coil? the ullage qas 
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Figure 6-22. S-IT LOX Tank Ullage Pressure 


did not change. Moreover, the ullage shrinkage created a larcer demard 
of pressurant gases from the remaining engines, resulting in colder heat 
exchanger outlet temperatures. The data shows that towarcs S$-I] cutoff, 
the heat exchanger ex’t temperatures were at saturation. 


Figure 6-23 presents engine inlet data bands consisting of tctal pressure, 
cemperature and NPSP, The bands include deta from all five encires until 
the time that engines No, 2 and 3 cut off; therecfter, only cata from 
engines Ho, 1, 4, and 5 are shown. Engine inlet LOX total pressure was 
determined by adding the calculated dynamic pressure anc heac correction 
for the location of the pressure pickup to the pump inlet LOX static 
pressure measurement. The abrupt decrease in total pressure at approxi- 
mately 413 seconds is a direct result of acceleration heac loss due te 
premature cutoff of engines No. 2 and 3. The gradual total pressure 

loss which occurred toward the end of S-II boast is the combined result 
of the decrease in liquid head and the decrease in ullace pressure. The 
gradual increase in liquid temperature toward the enc of §-II beast shows 
that the effect of liquid stratification wes well within the acceptable 
limit. 


Engine inlet LOX available NPSP was obtained by subtractirc the LOX vapor 
pressure from engine LOX inlet total pressure. The NPSP was well above 
the minimum NPSP requirement. The abrupt decrease in available NPSP at 
413 seconds is @ direct result of the acceleration liauid head lost at 
the premature cutoff of engines No. 2 and 3. The gradual decrease of 
available NPSP toward the end of S-II boost is the combined result of a 
decrease in liquid head, a decrease in ullace pressure, and an increase 
in Viquid temperature caused by stratification. 
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6,7 S-IT PNEUMATIC CONTROL PRESSURE SYSTEM 


The pneumatic control pressure systam provides pressurized helium fer the 
actuation of propellant system valves during flight. 


Performance of the pneumatic control system was satisfactory. Figure 
6-24 shows receiver pressure and regulator outlet pressure cf the systen: 
from before liftoff until S-I] ECO. The receiver oressure and regulator 
outlet pressure were w'th’n the predicted bands throughout the flight. 
The three step-decreases of pressure represerted helium demands for 
valve actuations. Only the times at which the demancs for prevalve 
closures on engines Mo. 2 and 3 were made are unusual. Tatle 6-7 shows 
the heliuri mass used by the systern, 
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Figure 6-24, S-I1 Recirculation Valves Receiver and Requlator 
Outlet Pressures 
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Table 6-7. S-II Helium Mass 


PNEUMATIC CONTROL PRESSURE S¥STER 
HELIUN MASS REABINGS 

LAUNCH 

SEQUENCE {AS-5C2) 


ACTUAL PREDICTED 





Launch 1.71 kg 1.65 to 1.76 kg 
Minus 30 seconds {3.77 Ibm} (3.64 ta 3.88 1bm) 


S-IT Engine 1.70 kg 1.59 to 1.70 ka 
Start Command (3.76 Ibm) {3.50 to 3.76 Ibm} 
8-1] Engines No. 2 and 3 1,56 kg None 

Cutoff (3.44 |bm) 


S-I] Engine 1.47 kg 1.47 to 1.60 kq 
Cutoff Command {3.25 ibm) (3,25 to 3.52 lbni} 





6.8 CAMERA EJECTION SYSTEM 


The function of the camera ejection system is to provide GHe, pon command, 
to eject the camera cannisters. The camera ejection system consists of 
two helium spheres, tubing and velyes. 


The camera ejection system performed satisfactorily. The ejection sequence 
was programmed to start at T3 +38.0 seconds and actually started at 
T3 + 37,97 seconds. 


Figure 6-25 indicates a gradual pressure decay cf toth subsystems. The 
subsystem located at position III exhitits the greater, but acceptable, 
rate of decay anc lower stcrage pressure. However, both subsysterrs had 
sufficient pressure to eject the careras. The saire pressure drop 
characteristics were exhibited by the systems during ejection, at which 
time the pressures decreased 130 N/cm@ (190 psid). A discussion of 
camera recovery operations may be found in paragraph 19.6. 


6.9 HELIUM INJECTION SYSTEK 


The inflight helium injection system supplements natural convecticn re- 
circulation in the LOX recirculation lines. This system injects hetium 
into the bottom of the return lines to decrease the return line fluid 
density thereby increasing the recirculation driving force. 


In general, performance of the helium injection system was satisfactory. 
Requirements were met and parameters were in good agreement with predicted 
values. The supply bottle was pressurized to 2070 N/cm@ (3000 psia) prior 
to liftoff anc by ESC was 787 N/cm@ (1140 psia). This usage of helium 
resulted in a helium injection flowrate of 1.67 SCMM (59 SCFM), 


As discussed in paragraph 6.2, LOX recirculation was satisfactory except 
for the prelaunch chilldowh of engines No. 3 and 4. Because of the 
problem experienced in chilling these engines to below the prelaunch 
redline maximum the following changes are being considered for imptemen- 
taticn priar ta AS-503 CDDT: 


a. {ncrease helium injection system total flowrate from 1.13 to 1.72 SCMM 
(4C to 60 SCFM} to 1.70 to 2,26 SCMM (60 to 80 SCFM) by increasing 
the primary orifice size. 


b. During checkout, verify that the helium injection flow is distributed 
evenly to all engines, 


c. Add screens upstream of heliutr. injection orifices. 
d. Uelete the solenoid outlet pressure instrumentation and add new 
pressure measurement downstream of the primary orifice. Tris 


reasurenent will be more sensitive to helium flow distribution 
while still being representative of total flow conditions, 
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Figure 6-25, $-I1 Camera Ejection Pressures 


SECTION 7 
S-I¥B PROPULSION 


7.1 SUMMARY 


The $-I¥B stage propulsion system consists of a main and an auxiliary 
systen. The main propulsion system consists of a single, bipropellant 
J-2 angine, fuel system, oxidizer system, and a propellant management 
system. The Auxiliary Propulsion System (APS) is provided to control 
the vehicle attitude during S-IVB operation and position the propellants 
in the stage during first burn cutoff, parking orbit coast, second burn 
restart, and cutoff transicnts. The other systems discussec urder this 
section are the Continuous Yent System (CVS) and the pneumatic control 
system. 


The J-2 engine operated satisfactorily throughout the operational phase 
of first burn, However, a total performance shift of 2.2 percent 
decrease in thrust occurred during first burn from 684 to 702 seconds. 
The engine continued to operate at the shifted performance level and 

had a normal shutdown, 5S-IVE first burn time was 166.52 seconds which 
was 28,95 seconds longer than predicted due to the two engines out 
condition on the $-II stage. This burn time was computed from Start 
Tank Discharge Valve (STDV) open {occurred 3.24 seconés after the Launch 
Vehicle Digital Computer [LYDC] S-IVB engine start sequence conwmand) to 
the LYDC velocity cutoff command. 


The stage performance during first burn, as determined from the 
propulsion reconstruction analysis, deviated from the predicted at the 
60 second time slice by -0.08 percent for thrust and 0.06 percent for 
specific impulse. 


The S-I¥B stage first burn Engine Cutoff (ECO) was initiated by the 

LYCC at 747.04 seconds. The LOX mass measuring side of the Propellant 
Utilizatian {PL} system malfunctioned prior to the attempted restart. The 
LOX mass measuring system malfunction caused a 100 percent LOX load 
indication prior to and during the restart attempt. The probable cause 
of the erroneous 100 percent LOX mass indication may have been due to 
sharting of the inner and cuter elements of the LOX PU probe from 
metallic debris that could have been in the LOX tank. Also, an 
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intermsttent short in the cable shield betweer. the ass probe and the PU 
electronics assembly may have occurred. Additional tests on cable 
connector crimping will be canducted alcng with the evaluation of insulat- 
ing one or both of the probe elements to prevent shorting by debris. 


Engine restart conditions were within limits even though main charber 
second ignition failed te occur. Results thus far indicate that a leak 

in the Augmented Spark Igniter (ASI) fuel supply system probably occurred, 
resulting in a performance shift and the failure to achieve restart. 
Additional engine tests have essentially verified the performance shift 
and the restart failure. A modification of the ASI propellant feedlines 
(both fuel and LOX) and their installation is heing accomplished. 


All subsystems operatignally met all performance and stage requirements. 
However, there were twa unexpected deviations which are summarized as 
follows: 


é. Two LGX ullage pressure makeup cycles were required during S-IC boost. 
The ullage pressure decay requiring two makeup cycles is partially due 
to ullage cooling, tank geometry response to the vehicle axial 
acceleration, and possibiy vent/relief and/or relief valve intermittent 
leakage. Investigation is continuing into the LOX ullage pressure 
decay. 


b. A possible cold helium leak was indicated after first burn ECO. The 
cause of the leak is still under extensive investigation with soecial 
interest into the cold helium system conoseals and joints, the LOX 
pressurization module, and the cold helium sprere pressure transducer. 
The conoseals wilt be changed to 7075 aluminum coated with teflon 
throughout the cold helium system on subsequent vehicles. 


7,2 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANSE “OR FIRST BURN 


LH2 and LOX recirculation systems arc required for proper prestart 
conditions. With the required prestart conditions, a start is obtained 
by proper engine sequencing of the engine components with the power 
obtained from an engine mounted helium control sphere. A hydrogen start 
tank is employed to spin the turbopumps during the start transient until 
the Gas Generator (sa) system is oserating properly to continue engine 
start and maintain engine operation. During the start transient and 
engine operation, tne start tank is refilled for another start. The 
ignition system initiates combustion in the thrust chamber and GG, The 
system includes four soark plugs, four spark exciters, an ignition 
chamser, an ASI valve, an ignition detector probe, and ‘he necessary 
electrical harness and plumbing to join the parts into a system. 


Tne propellant recirculation systems performed sacvisfactoriiy, meeting 
start and run box requirements for fuel and LOX as shown in Figure 7-1. 
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Figure 7-1. S-IV8 Start Box and Run Requirements - First Burn 
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The thrust chamber at launch was wet] below the maximum allowable 

redline linit of 167°K (-160°F). At S-1VB first burn Engine Start Comianc 
(ESC}, the temperature was 159°K (-173"F), which is within the requirement 
of 167 28°K (-160 +50°F) as shown in Figure 7-2, 


The chilldown and loading of the engine Gaseous Hydrogen (€r2) start sphere 
and pneumatic control sphere prior to liftoff were satisfactary., Figure 
7-3 shows the start tank performance from first burn CSC. At first 

burn start command the start tank conditians were within the required 

S-VB region for initial start of 913.56 451.71 N/cm@ and 16] + 16.7°K 
(1325 +75 psia and -170 +30°F). The discharge was conpleted and the refill] 
initiated by 5-I¥B first burn ESC + 3.85 seconds. The refill was satisfac- 
tory and in good agreement with the acceptance test. The control bottle 
pressure and temperatures at liftoff were 2061.6 N/cm2 (2999 psia) and 
160.6°K (-171°F). Nominal chilldown system performance levels were observed 
during the chilldown operation. LOX system chilldown, which was continuous 
from before liftoff until just prior to S-IVB first burn ESC, was satis- 
factory. At ESC the LOX pump inlet temperature was 91.5°K (-295°F), 
Nominal chilldown system performance levels were observed during the 
chilldown operation. 


The first burn start transient was satisfactory. The thrust buildup was 
within the Timits set by the engine manufacturer. A faster thrust 
buitdup to the 90 percent level as compared to the acceptance test 
results was observed on this flight and is stiown in Figure 7-4. This 
buildup was mainly due to the shorter plateau time during main oxidizer 
valve opening time. A similar thrust huildus was observed on AS-501. 
Table 7-1 stows the major sequence of events during the buildup transient. 
The PU system provided the proper null setting of the PU valve during 
the start transtent until system activation, The total impulse from 
STDV to STDV +2.5 seconds was 802,233 N-s {180,350 Ibf-s} compared to 
604,651 N-s (135,931 Ibf-s) during the same interval for the acceptance 
test. 


7.3 S-IVB MAIN STAGE PERFORMANCE FOR FIRST BURN 


The J-2 engine provides the necessary propulsive performance for the 
S-IVB stage and is a high performance engine utilizing pump-fed propel- 
lants. The J-2 engine used on the $-Z¥B has restart capabilities. At 
altitude the engine produces a noriinal thrust to 1,000 ,850 Newtons 
(225,000 Ib?) at a LOX to LHp ratio of 55:1. The engine is capable 

of operating between 4.5 and 5.5:1 LOX/LH2 mixture ratio for the 
desired propellant utilization at stage cutoff. The engine features a 
tubular-watled, bell-shaped thrust chamber and independently driven, 
direct-drive turbopumps. 


Two analytical techniques were emptayed in evaluating S-IVB stage pro- 
pulsion system performance. The primary methad, propulsion reconstruction 


7-4 


cy YK 


THRUST CHAMBCR TEMPERAT UR: 


240 


280 


INITIATION OF THRUST CHAMBER CHILLDOWN, -600 
YZ TERMINATION OF THRUST CHAMBER CHILLDOWN, 0.0 
269 S-1VE ENG START SEQJENCE COMMAND, 577.28 











220 








MAXIMUM REDLINE 
tap LIMIT AT LAUNCH 
167°K (-160°F) 





160 


149 











120 











1¢0 
-1200 -1000 -800 -600 ~400 -200 o 
“IME FROM FIRST ESC, SECONDS 
v 
-600 -400 ~200 Qa 200 400 


RANGE TIME, SECONDS 


Figure 7-2, $-1VB Thrust Chamber Temperature - First Burn 
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Figure 7-3, S-I¥B Start Tank Performance 


analysis, utilized telemetered engine and stage data to compute Tongi- 
tudinal thrust, specific impulse, and stage mass flowrate. In the second 
method, flight simulation, a Ffive-degree-of-freedom trajectory simulation 
was utilized to fit propulsion reconstruction analysis results to the 
trajectory. Using a differential correction procedure, this simulation 
determined adjustments to the recorstruction analysis of thrust and 

mass flow histories to yield a simulated trajectory which closely 
matched the observed pestflight trajectory. 


The propulston reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A comparison of predicted 
and actual performance of thrust, total flowrate, specific impulse, and 
mixture ratio versus time is shown in Figure 7-5. Table 7-2 shows the 
Specific impulse, flowrates and mixture ratio deviations from the 
predicted at the 60 second time slice. This time slice performance is 
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Table 7-1. S-I¥B Engine Start Sequence Events - First Burn 


TIME OF EVENT IN RANGE TIME (SECONDS) 


PREDICTED ACTUAL 
S-IVB Engine ee Sequence 


Command (ESC 577.28 


Start Tank Discharge 
Valve (STDV) Open 580.52 


Mainstage Control 
Sotenaid 580.75 


Mainstage OK 582.03 


Main LOX ¥alve Open 582.940 


90 Percent Thrust 582.79 
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Figure 7-5. S-IVB Steady State Performance - First Burn 


Table 7-2. S-IVB Steady Stete Performance - First Burn 
{ESC +66 Second Time Slice) 


: PERCENT 
PARAMETER PRECICTEC | 2&CONSTRICTION| acetatrgy, | _ DEVIATION 
AT!Gh | eROM PREDICT=0 


Thrust N 1,018,554 + 1,017,771 

(ibf} 228,980 : 228,804 

i 
Specific Impulse , 

N-s/kg 4168.5 4167.8 

(ibf-s/1bm) 424.77: 425.0 


LOX Flowrate 
kg/s 206 ,60 206.33 
(lbm/s ) 455.89 455.30 


Fuel Flowrate 
37.73 37.65 
83.19 83.01 


Engine Mixture 
Ratio 
LOX/ Fuei 5.4804 ¢ 5.485 ©0046 











the standardized performance which is comparable to engine acceptance 
tests. The 60 second time slice performance agreed with the predicted 
by -0,08 percent on thrust and 0.06 percent on specific impulse. The 
overall propulsion reconstruction average during first burn was -0.77 
percent for longitudinal thrust and -0.66 percent in longitudinal 
specific impulse compared to the predicted. 


Curing first burn operation the engine showed a 2.3 percent drop in 

thrust frem 684 to 702 seconds as shown in Figure 7-5. The most probable 
cause for this perforrance shift was an ASI fuel line leak. The suspected 
ASI] fuel line leak is discussed in detail under paragraph 7.6. Engine 
tests simulating an ASI fuel line failure have been conducted at Marshall 
Space Flight Center (MSFC) and the enginc contractor's test facility 

which have results compatible with the abserved performance shift, a 
subsequent stabilization, and then a narnral shutdown. 


The flight simulation analysis shewed a decrease af 0.20 percent, compared 
to the prediction, in specific impulse. Other corparisons arc shown in 
Table 7-3. 


The S-IVB burn time was 28.95 secends longer than predicted. Table 7-4 


shows that the primary contributors ta the longer burn tic wore devia- 
tions in the preconditions ¢f flight. Another large contributor was the 
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Longitvd*ra? ¥ 
Wehicte Taeust | {1o*) 
Vehicle Mass sq/s 
Loss fate (less) 
Loagitucinal H-s¢ka 
vericle 
Soecifie Ianulsay (thfs/t5mi i 
$$ 
FLIGHT SEML_ATION *L4 
Nise | wie mtxtene etic | as 
PARAMETERS SITS Z1RSF BUIh 
| FLIGHT AYIRASL 
Longi tudinal i 1,009,724 
Vehicle [hrast ilk; 276,995 
Vehicle Mass kg/s 265,91 09 
Lass Rate (busi 536 .aG ‘ 
Lengi tuc-nal hes kg 4149.96 
Yericle Upf-selac* 923.18 0.20 
Specific (“pulse j 








Table 7-4. S-IVE Simulation Burn Tire Ceviations 











CONTRIBUTOR 





DEVIATION* BLRN TIME 


DELTA (SELOACS) 














Preconditions of Flight (5-II/ 
S-1¥8 Separation Command) 
Velocity Magnitude 
{Space Fixed) 
flight 





23.1 





















* Observed mass point 
trajectory 








Le 


Path Angle 
Altitude 6.47 
3.50 
Overspeed (ECO) nfs 48.94 8. 
ft/s 160.56 
S-1¥B Tarust N -8830 74 
lbf ~1985 
S-[¥B Mass Flow kg/s 9,22 -2.9 
lom/s a.4¢ 
S-IVB Initial Mass ky $420 z.4 
15m 1195 
cxplained 32.6 


Unexolained +=3.65 
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trajectory (post‘ligtt) minus final cperational 
(oredicted) 


overspeed at S-IVB ECO. The total contributors show a burn time deviation 
of 32.6 seconds. This is 3.65 seconds more than the actual deviation. 

The additional 3,65 seconds of burn tire may be accounted for by 
uncertainties in preconditions of flight and uncertainties in the thrust 
ayerage obtained fron trajectory reconstruction. 


7.4 §-1¥B SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN 


S-iVB ECO was initiated at 747.04 seconds by a quidance velocity cutoff 
carmand which was 87.78 seconds later than predicted for first burn. 
This later cutoff tine was primarily a result of the two engines out on 
the S-II stage. The [CO transient was satisfactory and agreed closely 
with the acceptance test and predictions. The total cutoff impulse to 
5 and zero percent of rated thrust was 236,543 N-s (53,177 1bf-s} and 
264,118 N-s (59,376 lbf-s), respectively. Cutoff occurred with the PU 
valve in the fully ciased position, high Engine Mixture Ratio (EMR). 


The Main Oxidizer Yalye {MOV} actuator temperature was 156.9°K (-177.5°F) 
at cutoff. The cutoff impulse was adjusted from these conditions to 
standard conditions for comparison with the log book values at null PU 
valve position and 233°K (-40°F) MOY actuator temperature. After these 
adjustments, the flight values were near the log book values. The 
thrust during cutoff is shown in Figure 7-6, 


Telemetered guidance velocity data indicated the cutoff impulse 

was greater than expected as presented in Table 7-5. The difference 
in yericle mass between the fligrt and that precicted is the probable 
cause for the percentage differerce in velocity increase. 


7.6 S-IVB COAST PHASE CONDITIONING 


The CVS performed satisfactarily, maintaining the fuel tank ullage 
pressure at an average level of 13.6 N/cm2 {19.75 psia). Nozzle pressure 
data, thrust, and acceleratian levels for first and second revolutions 

in the orbit are presented in Figure 7-7. LHe ullage conditions during 
coast are shown in Figure 7-8. 


The continuaus yent regulatar was activated at 806.25 seconds. The tank 
ullage pressure dropped from 22.1 to 16.8 N/cmé@ (32.0 to 24.4 psia) in 
65 seconds, and then gradually leveled off to 13.6 N/cm2 (19.75 psia). 
Regulation at this leyel continued, with the expected operation of the 
main poppet perfodically opening, cycling, and reseating as shown in 
Figure 7-7. CVS thrust and acceleration, alsa shawn in Figure 7-7, 

were based on venting parameters, The acceleration was computed from 
the calculated thrust and vehicle mass without consideration of any 
vehicle drag effects. A differant approach for obtaining the thrust 

and acceleration is discussed in paragraph 10.4.1, Continuous venting 
was terminated at 11,288.49 seconds, which was 326.20 seconds before second 
burn ESC. The erroneaus CVS readings experienced on AS-50) were not 
observed on this flight and a further discussion is presented in 
Paragraph 7.10.1. 
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Figure 7-6. S-IVB Shutdown Transient Performance - First Burn 


Table 7-5. S-IYB Cutoff Impulse - First Burn 





| j PERCENT OL¥LATION 
PARAMETER PREDICT=D FROM PREDICTED 


ENSINE | SUID. JATA ENGISE] SLIO. aTA 
Cutoff Nes 287,177 262,118 300 ,669 





Imputse {lof-3) | 642560 593376 | “g7'593 | 8-9 


Velocity m/s 2.26 2.20 2.50 
Increase [ ft/s} 7.4 7.24 8.20 





THRUST, 10& Ibf 





Note: The parameters quoted are from velocity cutoff command to zero 
percent of rated thrust, 
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Calculations based con estimated temperatures indicate that the mass vented 
was approximately 1270 kilograms (280G 1lkm) and that the boiloff mass was 
approximately 1360 kilograms (3600 Ibm). 


Figure 7-9 shows the start tank temperature and pressure during orbital 
coast for AS-507, 502, and 203. A 180-degree ral] maneuver on the AS-502 
flight took place at approximately 937.3 seconds. This orientation of 
the ychicle did not appear to have any effect cn the start bottle. Many 
of tre S-IVB pressure sphere temperature measurements during orbit are 
not considered reliable; however, the temperature reading at second start 
command was very near that for AS-501. 


7.6 S-IV¥E CHILLDOWN AND ATTEMPTED RESTART FOR SECOND BURN 


The S-IVE stace provided adequate conditioning of propellants to the J-2 
engine for the restart attempt. The engine start sphere was recharged 
properly and maintained sufficient pressure during coast to the restart 
time. The engine contral sphere gas usage was as predicted during the 
first burn and maintained sufficient system pressure for a proper restart. 


Table 7-6 showing the major events during the start transient, indicates 
that all events cccurred as required and perforrance was as predicted 

until the end of the start bottle blawdown which occurred at approximately 
ESC +8.5 seconds. At this time, the rain engine should have ignited with 
opening of the MCY, and the GG should have boatstrapped to mainstage opera- 
tion. The GG was ignited and the MOY opened, however, the main engine 

did not ignite as evidenced by the lack of an increase in. fuel injector 
temperature. Engine operation was terminated by the Instrument Unit (IU) 
moniter from lack of sufficient thrust at 11,630.33 seconds. 


The propellant recirculation systems performed satisfactorily and met 
start and run box requirements for fuel and LOX as shown in Figure 7-10. 
Second burn fuel lead generally followed the predicted pattern and 

resulted in satisfactory conditions as indicated by the thrust chamber 
temperatures and the associated fuel injector temperatures shown in 

Figure 7-11. The LHg chilldown system performance far second burn was 
satisfactory. The LH2 pump inlet temperature at second burn ESC was 21.9°K 
(-420.6°F}. Second burn LOX pump chilldown was also satisfactory. At 
S-IVB second burn ESC the LOX pump intet temperature was 91.7°K (-295°F). 


The start tank perfonned satisfactorily during the second burn blowdown 
as shown in Figure 7-12. The proper energy input to the turbine was 
provided for-a smooth start. Since there was no ignition of the main 
chamber for the second start, the start tank did not refill. 


Figure 7-13 shows the predicted engine helium control sphere pressure 
compared to AS-501 for the restart attempt. After the normal post test 
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Init: 
Figure 7-9. $-I¥B Engine Start Tank Terperature and Pressure - Coast Phase 


Table 7-6, S-IVB Engine Start Sequence - Second Burn Attempt 






TIME OF EVENT IN RANGE TIME, SECONDS 


11,614.69 






PREDICTED 













S-f¥B Engine Restart 
Command (€SC) 








11,403.67 
11,411.61 





STDY Open 11,622.92 



















Mainstage Control 


Sel 11,417 86 


11,623.13 















Matnstage OK 11,412.60 
11,413.58 


11,413,3 


Not Attained 





Main LOX Valve Open 11,625.20 








90 Percent Fhrust Not Attained 
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Figure 7-11, S-I¥B Thrust Chamber Chilldown Performance - 


T-second blowdown the pressure was 1310 N/em@ (1900 psia) at second 
burn ESC, The pressure decayed more than the predicted 550 N/cmé 


(800 psi) during the second burn fuel lead aecause of the lower temperature 


at the injector. The pressure stabilized at 670 N/om2 [975 psia) at 
the end of the blowdown. This pressure would have been sufficient to 
complete the mission. 


During the start of the second burn, the GG experienced a tenperature 
spike as indicated by Figure 7-14, The spike measured 1278°K (1840°F), 
the upper limit of the temperature bulb, but an expanded plot of fuel 
turbine inlet temperature suggests the spike actually reached as high 
as 1389°K (2040°F). Tne spice resulted from a high start mixture ratio 
in tne GG, which in turn was caused by the failure of the main chamber 
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Figure 7-12, S-IVB Start Tank Pressure - Restart Attemot 


pressure to rise above 27.57 N/cmé (40 psia). With a low main chamber 
pressure most of the flow destined for the GG follows the lower pressure 
drop path to the main chamber, resulting in a low GG total] flowrate. 
However, because the start load of the oxidizer pump is lower than that 
of the fuel pump, the initial oxidizer flow is less affected than the 
fuel flow. Tnus, the GG chamber pressure, a function of both total 
flowrate and mixture ratio, is low as shown in Figure 7-15; whereas, the 
fuel turbine inlet temoerature, a function onty of GG mixture ratio, is 
high. 


Near engine cutoff command, the GG chamber pressure rose slightly. This 
fact plus the absence of any unexplained vehicle moment during second 
burn suggests that the temperature spike did not burn through the GG 
combustor wall. 


Information supporting the suspected ASI fuel line failure is discussed in 
the following paragraphs. Table 7-7 lists the chronological events which 


7-19 




















1499 anne 
% 12C0 3 
S a 

5 1scc - 
2 1000 z 
2 
a ra 
= son = 
a * a 
1009 
690 
400 




















4 6 a 10 12 4 
TIME FROM SECOND ESC, SECONDS 


v 


3:13:56 3:13:38 3:13:40 3:13:42 3:13:44 3:)8:46 3:43-48 
RANGE TIME, HOURS:MINUTES :SECONDS 
Figure 7-13, S-IVB Engine Contro] Helium Sphere Pressure - 
Restart Attempt 


led to the failure to restart. The first indication of a problem was 

engine area chilling of the MOV closing control line at 645 seconds as shown 
tn Figure 7-16. The second indication was the apparent performance shifts 
indicated during first burn as discussed in paragraph 7.3. During the 
performance shift at approximately 688 seconds, the yaw actuator 
experienced an abrupt increase in its cooling rate that cannot be 

attributed to radiation Toss. This may have been cue to the impingement 

of a cold gas on the actuator at this time and is discussed in detail] 

under paragraphs 8.4 through &.6. 


The third indication af a problem during first burn operation was the 
apparent flash fire at 696 seconds, The thrust structure temperatures 
decayed fram approximately 222 to 216°K (-60 to -70°F) by 696 seconds. 

At this time, the thrust structure temperature No. 1 showed a rise of 
approximately 16.7°K (30°F) as shown in Figure 7-17. The heat flux re uired 
to obtain the rise rate shown is approximately 1.1 watts/em2 (1 Btu/sft ~s} 
which was approximately eight times that which can be produced from solar 
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Figure 7-14. S-IVB Fuel Turbine Inlet Temperature - Restart Attempt 


heating; therefore, a heat source other than the natural environment 

was indicated. Figure 7-17 also shows an interstage gas temperature 
arobe which showed a temperature rise at the same time. Its response 
times were smaller and excursions were larger; however, it does confirm 
the presence of an additional heat source. Other measurements in the 
Same area also confirm these findings. Figure 7-16 also shows a fire in- 
dication between the LOX punp and the start bottle. At approximately 

702 seconds these measurements indicated a cooling rate higher than would 
be expected from radiation to space and the LOX tank, indicating the pos- 
sibility of a cold gas impinging in the area. After the performance 
shift, the engine continued to operate at that level until ECO with some 
cael: in the area of the fire; however, a normal shutdown was still 
obtained. 
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Figure 7-15, S-IVB GG Chamber Pressure - Restart Attempt 


During the attempt to start the engine for the second burn, no temperature 
change was noted on the thrust structure temperature No. 2. However, the 
thrust structure temperature No. 1 dropped from 194°K (-110°F}) at 11,622.92 
seconds (the end of fuel lead) to 190°K (-118°F). The engine main LOX 
Pneumatic line surface temperature dropped from 205°K (-90°F) at 11,623 


seconds to 169°K (-155°F). 


The GG fuel inlet line wall temperature rose 


Table 7-7. S-IVE Stage J-2 Engine Failure to Restart 


RANGE TIME, 
SCCONDS 









EVEN ANALYS1S 















Ergine start {first curr? 
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Semperature decracse 






Cryngenic Fuel leakage ** spper engine area, 






initial perftrrance decay begins 
(4 asi chasber pressure loss} 
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ture facreastng mere rapid’y 


Increased Ieaeage ir upper engine area. 








Yaw actuator had ebrupt in- 
crease in its cooling cats 





[mpingement of # cold gas on tra actuator, 





Second cerformance decay zeqrns 
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(12 ps* cramber pressyre loss) + 
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(STD¥ apering) 











from 26 to 30°K (-413 to -406°F) at 11,618 seconds and then dropped back 
to 28°K (-410°F). The engine main LOX valve actuator skin temperature 
dropped slightly at 11,625 seconds, These locations are shown an a 
diagram of the engine in Figure 7-38. 


Engine reconstruction analysis and engine tests indicated that the initial 
performance drop during first burn was probably caused by leakage of the 
ASI fuel line and is substantiated by the chilling experienced near the 
LH2 pump as summarized in Figure 7-18. The engine tests simulating an 

ASI fuel line failure were compatible with the AS-502 observed performance 
shift, a subsequent stabilization and a normal shutdown. One test 
conducted at an ASI chamber mixture ratio of ? resulted in injector 

damage simulating the performance changes recorded on AS-502 flight. 


The propulsion system met al] operational requirements during first burn, 
cutoff transient, and orbital coast. The conditions for restart were 
nominal, except for a hot start of the GG and Yack of main chamber 
ignitian as previously discussed. Figure 7-19 is also presented to 
verify that pump operation and performance was acceptable up to the 

time for main chamber ignition. However, the failed ASI system caused 
the main chamber not to ignite, resulting in the failure to obtain 
restart for second burn. 
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Figure 7-16. §-IVB Engine Environmental Changes Dering J-2 Cngine Anomaly 
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Figure 7-18, S-I¥B Summary of Environment Effects 
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Figure 7+19, S-IVB Pumps Performance During Restart Attempt 
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The ASI is a small chamber which is center-mounted in the thrust chamber 
injector. Its purpose is to create and maintain a small ignition flane 
for thrust chamber tgnitfon. The ASI system is shown in Figure 7-20, 
Figure 7-21 shows the location of the ASI chamber in the engine injector. 
At the present time a modification of the ASI propellant feed lines js 
being made as a result of the flight data and the engine tests made to 
simulate the failure to restart. A complete report (Rocketdyne No. R-7450- 
2) titlec "J-2 Engine AS-502 (Apollo 6} Flight Report - S-II and S-I¥B 
Stages" will be issued covering the flight performance, S-I1 failures 
{common to S-IVB failure}, S-IYB failure, verification testing, and the 
design and modification changes. 


7.7 S~IVB MAIN STAGE PERFORMANCE FOR SECOND BURN 

(Ne discussion due to failure to achieve restart.) 

7.8 §-1¥B SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN 
(No discussion due to failure to achieve restart.) 

7.9 S-IVB STAGE PROPELLANT UTILIZATION 


The primary function of the PU system is to assure simultaneous depletion 
of propellants by controlling the LOX flowrate to the J-2 engine. By 
controlling the LOX flowrate to the engine, indicated propellant loading 
errors and/or deviations fram predicted vehicle flight behavior can be 
corrected and the proper proportion of LOX and LH2 in the main tanks can 
be maintained. Other functions accomplished by the propellant utiliza- 
tion system are: 


a. Controlling propellant loading 


b, Maintaining the propellants at any predetermined level during launch 
countdown . 


c. Providing propellant mass indication signals to the telemetry system. 


d. Providing a signal signifying the depletion of either propellant, 
thereby initiating ECO, 


Components in this system include ground and onboard electranics, contin- 
uous capacitance probes, a PU valve, and discrete Tiquid levat sensors. 


The PU system successfully accomplished the requirements associated with 
propellant loading and management during burn, The best estimate 

propellant mass values at liftoff were 88,060 kilograms (194,140 Tbm) 

LOX and 19,254 kilograms (42,448 1bm}) L42 as compared to predicted mass 
values of 87,655 kilograms (193,246 Ibm) LOX and 19,268 kilograms 

(42,479 Ibm) LHo. These values were well within required loading accuracies. 
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Figure 7-20. §-I¥B J-2 Engine ASI Schematic 
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Figure 7-21. $-1¥8 J-2 Engine Injector Schematic 


A comparison of propellant mass values at critical flight events, as 
determined by various analyses, is presented in Table 7-8, The best 
estimate full load propellant masses were 0.46 percent higher for 


Figure 7-23 is a graphical representation of the best estimate, a 
Statistical weighted average analyses, for ignition and cutoff masses, 
The third flight stage ignition mass was 160,690 kilograms (354,261 Ibm) 
and tha cutoff mass was 120,330 kilograms {265,283 Ibm). The five 
measurement systems used in determining the statisticai weighted average 
best estimate masses were: 


a. PU indicated {corrected}. 
b. Flow integral. 

¢. PU volumetric, 

d. Level sensor. 

€. Trajectory reconstruction, 


Extrapolation of propellant level sensor data to depletion, using the 
PropelTant Flowrates to depletion, indicated tnat a Loy depletion would 
have occurred approximately 2 seconds after secand burn velocity cutof?, 


The first burn PU yatye positions are illustrated in Figure 7-24. During 
first burn the PU valve was positioned at null for start and remained there 
until PU activated at first burn ESC +8 seconds. The PU valve was then 
commanded to the fully closed (high EMR) position at activatton and it 
remained there until ESC +177,9 seconds (749.18 secands), 


Even though the S-IvB PU system functioned normally during Countdown 
Demonstration Test (CDDT), preflight operation, and First burn, an 

anomaly of 100 percent indicated LOX mass was experienced during the second 
orbital revolution. The LOX mass bridge experienced disturbances on nine 
different cccasicns which caused the LOX bridge to slew toward the 

full stop. On aach occasion the bridge subsequently recovered except far 
the last distrubance at 11,091 seconds of flight when the LOX mass bridge 
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Figure 7-23, S-IYB Ignition and Cutoff Best Estimate Mass* - 
First Burn 


Slewed to the full mechanical stop and remained there for the remainder of 
the S-IVB mission. Had second burn restart been attained with the PU 
system in the malfunctioning mode, the engine would have operated in the 
high EMR mode until velocity cutoff. The erroneous 100 percent LOX mass 
bridge indications are shown in Figure 7-25, 


At this time there appear to be two possible causes for the PU system 
anomaly. These causes are; 
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Figure 7-24, $-IYB PU Valve Positions - First Burn 


a. An intermittent cable shield between the mass probe and the PU 
electronics assembly as indicated by an "X" in Figure 7-26. 


b. Metallic debris of some type in the LOX tank which caused a short 
between the inner and outer elements of the LOX PU probe. Figure 
7-27 shows a cutaway of the PU probe and the possible failure 
mades. 


Debris in the tank during orbital conditions cauld be distributed 
anywhere in the tank and possibly lodge between the prabe elements. 
Since the PU system operation was normal during powered flight while 

the LOX mass probe, its essociated cable and PU electronics assembly, 
were under the highest vibration levels experienced during flight, the 
possibility of an intermittent cable shield appears remate. Therefore, 
the most probable cause of the PU system anomaly was metallic debris 

in the LOX tank shorting the inner and outer element af the LOX probe, 
thus causing the LOX bridge to slew at a maximum rate ta the “over-fill" 
condition. 
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Figure 7-25. S-IVB LOX Coarse and Fine Mass Data 


Additional tests will be conducted to check the crimping of the cable 
connector. The desirability of insulating one or both of the probe 
elements to prevent shorting by debris is also being considered, 


7.10 S-1VB PRESSURIZATION SYST=M 


The functions of the S-IVB pressurization system are ta provide the 
necessary positive pressure to the propellant pumps while also supplying 
an increased structural capability. The system consists of tank ullage 
pressure regulators and yent valves. LOX and LH2 recirculation systems 
precondition the propulsion feed system prior to starts. 


7.10.1 S-IVB LHy Tank Pressurization 


The fuel pressurization system provides tank pressur‘zation by three 
methods. Prior to launch, Gaseous Heliun {GHe) from a ground source 
is used. After S-IV¥B engine start, for both first and second burns, 
GH2 for LH2 tank pressurization is bled from the thrust chamber hydragen 
injector manifold. During orbital coast (parking orbit} seven LHg tank 
repressurization GHe storage spheres, attached to the thrust structure, 
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supply repressurization gas to the LHo tank to meet second burn engine 
start requirements. 


The LH2 pressurization system operationally met all engine performance 
requirements. The LH? pressurization system indicated acceptable 
performance during S-I¥B first burn, coast phase, and second burn 
attempt. The pressure measurement deviations experienced on AS-501, 
within the CVS and LH2 pressurization system, during orbital coast 

were not experienced on this flight. Relocation of the CYS transducers 
gave acceptable readings. The sequence of events and associated system 
performances are discussed in the following paragrashs, The LHo 

tank prepressurization command was received at -96 seconds. The LH 
tank pressurized signal was received 21 seconds later when the Ltlz 

tank ullage pressure reached 23.3 N/cm2 (33.8 psia}. The ullage 
pressure continued ta increase, reaching 25.0 N/cmé {36,2 seta at 
S-IVB first burn ESC as shown in Figure 7-28. 


During first burn an LH2 non-propulsive vent occurred at ESC +7 seconds 
(584 seconds}. The average pressurization flowrate was approxinately 
0.28 kg/s (0.62 Ibm/s}, providing a total flow of 46.4 kilograms (102 
ibm) during first burn. A slight downward shift in pressurization 
flowrate occurred as a result of the engine performance shift at 696 
seconds. 


During the repressurization period the LHg tank was pressurized from 

14.3 to 23.3 N/emé (20,8 to 33.8 psia}. The ullage pressure subsequently 
decayed, reaching 21.7 N/omé (31.4 psia). At this time, (ESC -16 seconds) 

a makeup cycle was initiated, increasing the Lll2 ullage pressure to 22.6 
N/em2 (32,8 psia} at second burn ESC as shown in Figure 7-29. Approximately 
20.0 kilograms (43.9 Ibm) of ambient helium were used in the repressuri- 
zation operation. 


After the stage failed to restart, a decision was made to vent the LH? 
tank in an attempt to gain additional data pertaining ta stage safing. 
The LH2 tank vent valve was commanded open at 22,024.21 seconds as shown 
tn Figure 7-29, 


The LH pump inlet NPSP was calculated from the pump interface temperature 
and total pressure. These values indicated that the NPSP at first burn 

ESC was 10.8 N/omé (22.8 psia). The NPSP then decreased during powered 
Flight to a minimum yalue of 8.3 N/omé (12,0 psia) at first burn ECO. 

At the minimun point, the NPSP was 3.9 N/om@ {5.6 psi) above the required. 
Throughout the burn, the NPSP had satisfactory agreement with the predicted. 


The NPSP at the end of fuel lead prior to second burn was 8.0 N/em2 (11.6 


psia) which was 3.7 N/om2 (5.3 psid) above the required. The NPSP 
increased rapidly after ESC such that it was above the required leval 
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during the attempted restart. At second burn ECO the NPSP was 6.0 N/amé 
(8.7 psia) which was 1.6 N/cmé@ (2.3 psi) above the required. The pump 
interface total pressure at the end of fuel lead was 22.5 N/em@ (32.6 
asia). Figures 7-30 and 7-31 summarize the fuel pump inlet conditions 
for first and second burns, respectively. 


7.10.2 S-I¥B LOX Pressurization System 


The LOX pressurization system provides tank pressurization by three 
methods. Priar to launch, GHe from a ground source is used. After 
engine start, for either first or second burn, GHe fram eight cold Gile 
storage spheres located in the LH tank is warmed by a heat exchanger 
and used for LOX tank pressurization. During orbital coast (parking 
orbit} ambient GHe, from two high-pressure LOX tank repressurization GHe 
starage spheres, is utilfzed to supply engine restart ullage pressure 
requireaents for second burn. 


The oxidizer system performed adequately, supplying LOX to the engine 
pump inlet within the specified operating limits throughout first burn 
and responded normally during the attempted restart. The available 
NPSP av the LOX punp inlet exceeded the engine manufacturer's mnicium 
at all tines. 


LOX tank prepressurization was initiated at -166.5 seconds and increased 
the LOX tank ullage pressure from ambient to 28.3 N/cm@ (41.1 psia) 
within 16,3 seconds as shown in Figure 7-32. Two makeup cycles were 
required to naintain the LOX tank ullage pressure before the ullage 
temperature stabilized. The pressurization contro] pressure switch 
contralled the pressure between 26.3 and 27,7 N/erm2 (38.2 and 40.2 

psia}. At -98 seconds the LOX tank ullage pressure increased from 27.2 
Lo 29.7 N/om@ (39.5 to 43.1 psia) due to fuel tank prepressurization, LOX 
tank vent purge and LOX pressure sense line purge. This caused the vent/ 
relief va.ve to open, dropping the pressure down to 29,0 Nfemé (42.1 
psia}. The pressure remained at this level until liftoff. 


During S-iC boast there was a relatively high rate of ullage pressure 
decay necessitating two makeup cycles from the cold helium spheres as 
shown in Figure 7-32. This decay is partially due to utlage cooling 

and partially due to tank geometry response to the vehicle axial 
acceleration. There is, correspondingly, a step rise in pressure 
proportional to acceleration changes at S-1C Inboard Engine Cutoff (IECO} 
and Outboard Engines Cutoff (OECO;. There are also indications that 

the tank vent/relief and/or relief valve may have experienced intermittent 
leakage during the period from 105 seconds to S-1C cutoff. Although 

data are not conclusive, it appears that approximately 0.18 kilograms 

(0.4 lbm} of ullage gas was lost from the tank during this period. Ullage 
pressure at $-IC staging was 28.8 N/cm2 (41.8 psia). 
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Figure 7-30, S-IV¥E fuel Pump Inlet Conditions - First Burn 
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Figure 7-31. 
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Ouring the S-II boost there was a continutng pressure decay, but at a 
much reduced rate. No maxeup cycles were required. Although ullage 
cooling continued during this period, the major cause of the decay 
again appears to be response to the yehicle acceleration; there 

is a step rise in pressure at S-1I engines No. 2 and 3 out, and at 
S-II cutoff. 


The LOX tank ullage pressure was 28.8 N/ome (41.8 psia) at ESC, 
satisfying the engine start requirements as shown in Figure 7-32, 

During the start transient the ullage pressure decreased to a minimum 

of 24.2 N/cm2 (35.1 psia) before the pressurant flowrate became Targe 
enough to increase the ullage pressure. During burn the ullage 

pressure cycled four times. The ullage pressure was sufficient to exceed 
the minimum NPSP requirements during powered flight. 


The LOX tank pressurizatian flawrate yariation was 0.16 to 0.18 kg/s 
(0.35 to 0.40 Ibm/s) during aver-control, and fram 0.31 to 0.14 kg/s 
(0.24 to 0.37 Ibm/s) during under-contral system operation. This 
yartation i$ normal because the bypass orifice inlet temperature changes 
as it follows the cold helium sphere temperature. Heat exchanger 
performance during first burn was satisfactory, 


The LOX tank ambient repressurization system satisfactorily raised the 
tank ullage pressure from 25.7 to 27.7 N/em2 (37.3 to 40.2 psia) in 
19.7 seconds. Helium consumption during repressurization was 2,4 
kilograms (5.3 |bn) with the sphere pressure decaying from 2124 to 1327 
Nfemé {3080 to 1925 psia}. The tank ullage pressure was 28.7 Nfor2 
(41.6 psia) at second ESC, satisfying the engine start requirements. 


The LOX tank pressurization system operated noninally considering the 
boundary conditions during the attempted restart shown in Figure 7-33. 
The regulator discharge rose rapidly to 276 N/cm2 (400 psia} and renained 
at that level until the system was turned off at second ESC +16 seconds. 
The helium flowrate was 0.16 kg/s (0.35 lbm/s) and the total mass of 
helium used from the cold helium spheres was 1.3 kilograms (2.9 1bm]. 


The LOX NPSP calculated at the interface was 17.2 N/cmé (24.9 psi) at 
first burn ESC. The NPSP decreased after start and reached a minimum 
value of 14.5 N/on@ (21.1 psi} at 26 seconds after ESC. This was 0.10 
Nfem2 (0.15 psi) above the required NPSP at that time. The NPSP then 
increased and followed the LOX tank ullage pressure for the duration 
of first burn. 


The LOX pump static interface pressure during first burn followed the 
cyclic trends of the LOX tank ullage pressure. Yalues ranged from 

24.1 N/cm2 (34.9 psia) at 26 seconds after ESC to 28.8 N/cm2 (41.7 psia) 
immediately after first burn ESC, The NPSP catculated at the engine 
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Figure 7-33. S-IVB LOX Tank Ullage Pressure - Restart Attempt 
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interface wag 18.5 Nfom@ (26.8 psia) at second burn ESC, At al] times 
during second burn attempt, NPSP was above the requirec level. Figures 
7-34 and 7-35 summerize the LOX pump corditions for the first burn anc 
the second burn restart attempt, respectively. The run requirements 

for first and second burn were satisfactorily met as previously preserted, 


The cold helium supply was adequate to meet all flight requirements, At 
first burn ESC the cold helium spheres contained 151 kilograms (332 lbm) 
of helium at a pressure 2027 N/cmé@ (2940 psia). At the end of the 
166.52-second engine burn, the helium mass had decreased to 124 kilograms 
(273 Ibm) at a pressure of 951 N/em@ (1380 psia}. Fellawing first burn 
ECO the cold hetium sphere pressure data indicated a decay af approximately 
2.0 N/em2/min (2.9 psifmin} as shown in Figure 7-36, resulting in an 
apparent pressure at second burn ESC of 593 N/cm@ (860 psia}. The cause 
of this decline is still uncer extensive investigation; areas of interest 
include the cold helium system coroseals ard joints, the LOX pressuriza- 
tion module, and tre cold helium sphere pressure transducer. Figure 7-4? 
shows these arcas of interest. The conoseals wil? ce changed to ?7€75 
aluminum coated with teflon throughout the cold helium system for AS-503 
and subsequent vehicles. Conoseal re-torquing requirenents are also being 
considered. 


During the restart attempt the LOX pressurization system was activated 

for approximately 8 seconds, dropping the cotc helium sphere pressure 

to 572 N/com2 (830 psia}; mass usace during this period was 1.] kilegrams 
{2.4 Ibm), Following the restart attempt the sphere pressure data 
continued to decrease, reaching 379 K/em@ (55€ nsia) by 22,023.30 

seconds, From this time until loss of stage power the cold helium spheres 
were dumped overboard through the LOX tank vent valve. Inaccuracy in 

the sphere pressure data (negative pressure data during the dump as shown 
in Figure 7-36 invalidates mass catcutations during this feriod. 


After the staye failed to restart a decision was made to vent the LOX 

tank and cold helium spheres in an attempt to gain additional data 
pertaining to stage safing. Tre LOX tank vent valve and the cold 

helium shutaff valves were commanded open at 22,023.30 seconds as shawn 

in Figure 7-33. Tre cold helium pressure began a smooth blawdown to 

zero psia and the LOX tank ullage pressure began to blowdown from its 23,8 
N/om2 (34.5 psia}) level. However, at 22,047 seconds with the ullage 
pressure at 16.5 N/cm@ (23.9 psia), the pressure decay abruptly terminated, 
and pressure remained constant until 22,061 seconds at which time the 
blowdown abruptly resumed and continued as long as data was available. 
During the period when the ullage pressure remained constant, both the 
tank vent valve and the cold helium shutoff valves remained open, The 
reason for this plateau is presently under investigation. 


There is ¢ noticeable change ir the rate of pressure decay occurring at 
22,085 seconds which is coincident with all of the LOX liquid temperature 
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measurerents converging at 91.7°K (-294.5°F}, This is the saturation 
level correlating with 12,2 N/cm2 (17.7 psia). The ullage pressure was 
indicating 12.5 N/em2 (18.2 psia) at this time, suggesting that LOX 
boiloff is responsible for the change in the rate of pressure decay. 
Although a definitive analysis has not yet been performed, the length 

of the pressure decay (approximately 11,CGO seconds were required to drop 
the ullage pressure to 0.7 N/emé [1 psia]) suggests that the vent path 

is highly restricted from its nominal 1063 ar2 tie ine), At 0.7 N/ame 

(1 psi) the flowrate through an opening cf this size would be sufficient 
to vent the tank completely in 500 to 1000 seconds. 


Investigation of both the ullage pressure plateau at 16.5 N/om@ (23.9 
psia}] and the vent Tine restriction is continuing. 


7.11) S*IVB PNEUMATIC CONTROL SYSTEM 

The pneumatic contre? subsystem provides supply pressure for all Stage 
pneumatically operated valves with the exception of J-2 engine valves 

but including the engine start tank vent valve. A pneumatic power 
control module regulates filtered ambient helium flowing from the 

ambient helium sphere loaded to a pressure of 2136 +68.9 N/com2 (3300 +100 
psia) at 294°K (70°F). The module regulates pressure down to 338 +17 V/cme 
(490 +25 psia) for operation of the following: 

a. LH directional contro] valve during ground procedures. 

b. Propulsive vent shutoff valve during powered flignt. 

c. LOX and LHy fi17 and drain valyes during ground procedures. 

d. J-2 engine GHo start subsystem vent-ralief valves. 

e. LOX and LH2 turbopunps turbine purge module. 

f. LOX chiltdown pump purge medule control. 

g. LOX and LIlo prevalyes. 

h. LOX and Lily chilldown shutoff valves. 

i. LOX tank vent-relief valye, 

J. LHo propulsive vent valve. 

The pneumatic control and purge system performed satisfactorily during 


all phases of the mission. System performance was nominal during boost 
and first burn operations. The AS-502 stage incorporated the redesigned 
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pneumatic actuation control modules, and experienced no discernible 
leakage as opposed to earlier stages which had significant degrees of 
leakage. Pneumatic control bottle temperature, pressure, and regulator 
outlet pressure are shown in Figures 7-38 through 7-40, Battle masses 
at various pertinent times are shown in Table 7-9. 


7.12 S-I¥B AUXILIARY PROPULSION SYSTEM 


The APS controls the vehicle attitude during $-I¥B operation, and positions 
the propellants in the stage during first burn cutoff, parking orbit coast, 
second burn restart, and cutoff transient. Nitrogen tetroxide (N204) and 
monomethy] hydrazine (MMH) are the APS propellants. These propellants are 
hypergolic and require no ignition system. The APS system is composed of 

two modules located 180 deqrees apart on the aft skirt assembly. Al] require- 
ments are suoplied from within the modules except the electrical power sig- 
nals wnica are required from the stage. Each module contains three ablatively 
cooled, 667 Newtons (150 Ibf) thrust, attitude control engines; and one 
ablatively cooled, 311 Newtons (70 1bf) thrust, ullage positioning engine. 

The attitude control engines control S-I¥B rolt during engine burn and 

pitch, yaw, and roll during orbital coast. The ullage positioning engine 
fires to assure the presence of liquid propellants at the J-2 engine 

pump inlets during engine chitldown and restart, and' to settle the 

propellants prior to propulsive venting to prevent the loss of liquid 
propellants through the vent systems. 


The APS pressurization systems demonstrated nominal performance through- 
out the flight and met control system demands as required until APS 
propellant depletion. The regulator outlet pressures were maintained 
at 134 N/emé (195 psia}. The APS ullage pressures in the tanks were 
approximately 132 N/an@ (192 psia). 


The oxidizer and fuel supply systems performed as expected during the 
flight. The propellant temperatures measured in the propellant control 
module were as expected. The maximum temperature recorded was 317°K 
(110°F). The bulk temperatures of the propellants in the bladder ranged 
from 306 to 311°K (90 to 10°F}. The propellant supply pressures were 
nominal at appreximately 131 Nfem2 {790 psia)} during the mission. 


The APS engine performance was as expected with the exceptions noted in 
the following paragraphs: 


The propellants were depleted in both modules as a result of disturbances 
induced during first burn and after attempted restart. Because of the 
failure to restart, the LOX and LHp residuals were much greater tran 
predicted. As a result of this condition and spacecraft separation 

the vehicle's moments of inertia were larger, and the Center of Gravity 
(CG) further aft than predicted. With the CG tow, the APS pitch and 

yaw moment arms were shorter than expected, resulting in longer APS 

burn times. 
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Figure 7-38, S-IYB Pneumatic Control Performance - First Burn 
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5-1¥B Pneumatic Control Performance - Coast Phase 
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PRESSURE, psia 


Table 7-9. S-IVB Pneumatic Helium Bottle Mass 


BOTTLE MASS 


Liftoff 
First Burn ESC 
First Burn £C0 


3600 sec 
6500 sec 
Second Burn ESC 11,614.69 sec, (03:13:34.69) 


Second Burn ECO 11,630.33 sec, (03:13:50.33) 
17,500 sec, (04:51:40) 





The propellants in Module No. 3 (at Position I} were depleted first as 

shown in Figure 7-41. The fuet was depleted at 21,953 seconds, while the 
oxidizer was depleted at 22,053 seconds. The fuel was also depleted first 

in Module No. 2 (at oasition LII) (22,602 seconds) as shown in Figure 7-42, 
The oxidizer was depleted at 22,634 seconds. The reason the fuel was deple- 
ted first in both modules was that the propellants were loaded for a 1.65 EMR 
to 1.0 EMR while the attitude control engines normally operate at a 1.69 EMR 
during minimum impulse dit pulsing. This EWR was dropped even further 

due to the high injector temperatures causing oxidizer vaporization and 
reduced oxidizer flow, The fuel load for the flight was maximum. Table 7-10 
presents the APS oxidizer and fuel consumption at significant events during 
the flight. The APS helium bottle pressures and propellant quantities 
cere from the helium bottle pressures are presented in Figures 7-43 and 


The engine chanber pressures were normal and ranged from 64 to 69 N/cin2 
{93 to 100 psia) during the initial portion af the flight. However, at 
approximately 6000 seconds, the chamber pressure of the first pulse in a 
series of pulses on engine No. Ip was 41 N/cm@ (60 psia}. The chamber 
pressure increased to a nominal value as the series of pulses continued. 
Figure 7-45 shows an example of this phenomenon. This initial low 
chamber pressure has been attributed to a high injector temoeraturc as 

a result of heat soakback of the injector resulting fram neavy APS duty 
cycles following first J-2 burn. 


Engine No. Ij and IIIyy had similar low chamber pressures following the 
long steady state burns on these engines after attempted restart. The 
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Tavle 7-10. S-EVYB APS Pronellant Consumption 


MODULE AT POSITION T MODULE AT POSITION [II 


11ME PERTOD OXIDIZER OXTOTZER 
kg (Ibm) kg (1b) 





Tritial Load 85.6 (188.6)] 56.5 (124.4}) 86.0 {189.4}]56,6 


First J-2 Burn O.? (1.6) (1.0}] 0.7 (1.6) 
Rell Contral 


J-2 ECO to End of - . : (21.6)} 6.6 (14.63) 5,0 
First APS Ullaging 


Ist and 2nd Earth ; . (28.2}}13.0 (28.7) 8.1 
Revolutions 


Restart Preparatiors (37.4))23,4 (52.8) ]17.3 (38.1) 


Attempted J-2 28,7 (63.1) (36.2})]42.3 (93.1)]25.7 (56.5) 
Restart to 
Propellant 
Depletion 











injector temperature of engine No. IIIT] increased to a maximum tempera- 
ture of 406°K (270°F) during this perlod. Although the injector tempera- 
tures of engine No. Iyz could not be obtained at this time because of 

Joss of the measurements, it is thought that its temperature also exceeded 
382°k (240°F). Beth engines had pulses with chamber pressure as low as 

38 Nfem2 (55 psia). These were the initial pulses ina series. As the 
cocler propellants upstream of the injector reached the engine the 

chamber pressures increased to nominal values. 
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The APS ullage engine operation was normal with exception of the slightly 
extended chamber pressure decrease time of the Module 2 ergine {following 
the second ullage burn cutoff, 7t required approximately 1 second longer 
than the Module 1 engine }. This extended pressure decrease time did not 
eccur at first ullage burn cutoff. 
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SECTION 8 
HYDRAULIC SYSTEMS 


8.1 SUMMARY 


The primary purpose of the hydraulic systems on each af the three booster 
stages is to provide vehicle thrust vector control during powered flight 
by controlling the thrust yector angle and direction af each of the move- 
able engines on command from the guidance and control syster. In addition 
the S-1€ stage hydravlic system alse operates the engine control valves 
during engire start and shutdown operations. Since the S-IVB stage has 
only one engine, the Auxiliary Propulsion System {APS} modules provide 
roll corrections during S-IVB stage flight. 


In general, the hydraulic systems performed satisfactorily in that the 
vehicle remained stable during ali portions of guidance-controlled powered 
flight. No hydraulic system problems occurred during S$-IC powered flight, 
S-I] hydraulic systems performed within predicted limits, and operated 
satisfactarily unti] 280 seconds. At this time, the 5-11 engine No. 2 yaw 
actuator delta pressure transducer began to deviate significantly fram 
expected values. The engine No. 2 yaw actuator showed a cryogenic effect 
between 280 seconds and 419 seconds, From 319 seconds until engine No. 2 
cutoff, both the pitch and yaw actuators showed apparent side loads from 
the engine. After engine No. 2 cutoff, the yaw actuator performance tn- 
dicates that it locked up. The engine Na. 3 hydraulic system performed nor- 
mally until engine shutdown when the system pump stopped operation and the 
Pressures decayed. The engine No. 1 and engine No. 4 hydraulic systems per- 
formed normally throughout 5-11 powered flight. 5-IYB hydraulic system per- 
formed within predicted limits during liftoff, boost, and first burn. 

During engine restart preparation and restart attempt, the system failed 

to produce hydraulic pressure. System temperatures observed during S-IVB 
first burn indicated the existence of a cryogenic fuel leak which led to 

the freezing of the hydraulic fluid and system blockage. During the 

restart attempt, measurements indicated that both the nain and the auxil- 
iary hydraulic pumps cavitated during operation and virtually no system 
pressure was produced. 


At the present time there are no planned modifications to any of the stage 
hydraulic systems. The hydraulic system problems that occurred during 
this flight were related to the engine failures. 


8.2 S-IC HYDRAULIC SYSTEM 


The hydrautic system supplies high-pressure fluid, RJ-1 (kerosene}, from 

a ground source to each of the five engines to control the engine starting 
sequence and to the four outboard engines for ground checkout of the 
Thrust Vector Control (TYC) system. During engine operation, high-pressure 
contro? fluid (RP-t) is supplied from the No. 1 fuel discharge of the 
turbopump assembly through the filter manifold to the servo valve and 
actuators for TYC. fhe fluid returns througy the checkout valve to the 

No. 2 fuel inlet of the turbopump assembly. Hydraulic power i$ also used 
to close the engine control valyes for engine shutdown. 


The S-IC stage incorsorated four gimba)] actuators of the Moog model 
(60884500-1} and four of tre Hydraulic Research model (50M04050-1}. Analy- 
Sis indicates that all actuators performed as commanded during the flight. 
The maximum actuator deflection was equivalent to @.7 degree engine gimbat 
angie at the initiation of the vehicle roll program. The average hydraulic 
supply pressure was 1296 N/cm2 (1880 psia} and operated im a small band 
within the operating limits as shown in Figure 8-1. The temperature as 
depicted by the return actuator fluid was 305°K (90°F) and operated within 
a narrow band. The maximum hydraulic engine valve opening pressure was 
1392 Vyemé (2020 psia) and the maximum supply pressure to the actuators 

was 1378 N/cm@ (2000 psia). 


8.3 S-II HYDRAULIC SYSTEM 


A complete, separate, and identical hydraulic system for each outboard 
engine provides power for gimbating. The major system components include 
an engine-driven main pump, an auxiliary electric motor-driven pump, two 
electrically controtled, hydraulica?ly powered servoactuators, and an ac- 
cumulator reservoir manifold assembly. During S-IC powered flight, S-I1 
hydraulic lockup valves are closed, holding the engines in a nul] 
position. After S-IC/S-I1 stage separation, a signal unlocks the 
accumulator Yockup valves! releasing high-pressure fluid to each of the two 
servoactuators. This fluid provides gimbaling power prior to main hydrau- 
lic pump operation, The main hydraulic pump, driven directly from the 
accessory drive pad of the engine LOX pump, provides actuator power 

during S-i1 powered ftight. 


S-IF hydraulic system performance was essentially normal throughout the 
flight on engines No. | and 4, and on engine No. 3 until premature shut- 
down. System supply and return pressures and reservoir volumes were with- 
in predicted ranges. Reservoir fluid temperatures were close to the maxi- 
mum predicted. Launch pad redlines were met with ample margins at liftoff 
for att four systems. 


Several anomalies were apparent on engine No. 2 system throughaut the 
flight. Actuator and reservoir temperatures of engine No. 2 leveled off 
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early during S-II boost and then decayed while the otrer three systems 

rose normally. The differential pressure measurement (indicative af force) 
on the yaw actuator of engine No. 2 exhibited unusual ramp excursions. 

Both the pitch and yaw differential pressures ircreased suddenly at 

319 seconds. At engine No. 2 cutoff, the reservoir vclume dropped to 

zero, and the yaw actuator held its position. 


lydraulic¢ system performance fer engines No. 1, 3, and 4 is shown in 
Figure 8-2. Reservoir volumes were within the predicted range prior to 
cutoff of the respective engines. At engine No. 3 cutoff, the engine 

No. 3 reservoir volume increased in a normal manner as a result of accumu- 
lator depletion fotlowirg spindown cf the main hydraulic pump. Reservoir 
temperature increase was close tc the predicted rate of increase. Tempera- 
ture data for all four reservoirs and actuators were Tost at 415 seconds 
as discussed in paragraphs 13.3 and 19.2.2. Accumvlator pressures (indica- 
tive of system supply pressure) were within the predicted range of 2280 

to 2620 N/en2 (3300 to 2860 psia) prior to Engine Cutoff (ECO), The de- 
cay in engine ho. 3 accumulator pressure was normal and resulted from the 
accumulator depletion, The minimum reservoir volume was 13.0 percent of 
full versus the redline of 3.0 percent and was within the noninal pre- 
dicted bands. The hydraulic fluid minimum pressure was 2410 N/cme 

(3500 psia). The highest of the three systems fluid temperatures was ap- 
proximately 306°K (90°F} at 415 seconds and al] three were showing a 
normal upward trend at that time. These were well within the predicted 
limits as shown in Figure 8-2. Engines No. 1, 3, and 4 actuator forces 
were well below the predicted maximum of 84,509 Newtons (19,000 lbf}. The 
maximum tensile force was 57,800 Newtons (13,900 lbf), which was exerted 
by the pitch actuator of engine No. 1. The maximum force in compression 
was 36,000 Newtons (8000 1bf) which was exerted ay the yaw actuator of 
engine No. 4, 


Prior to engine No. 2 cutoff, hydraulic Parameters from all four engines 
followed predicted values except engine No. 2 reservoir and actuator fluid 
temperatures. Figure 8-3 shows that these temperatures leveled off between 
270 and 290 seconds and then decayed. This 7s unlike the normal, con- 
tinuous rise characteristic shown by the engine No. 3 reservoir tempera- 
ture and ts attributed ta an abnormally Yow temperature environment in 

the vicinity of the engine No. 2 hydraulic system. 


At 280 seconds, the engine No. 2 yaw actuator differential pressure 
measurement started a positive ramp increase as shown in Figure 8-4. This 
indication was apparently not a measure of increasing pressure, but the 
result of cryogenic fluid coming in contact with the transducer. This 
effect has been reproduced in tests perforned at MSFC and at: the S-II 
stage contractors’ test facility. The transducer utilizes two Bourdon 
tubes to sense pressure difference. In the tests. LN2 was sprayed on the 
actuator and caused the instrument to show a pressure difference as 

shown in Figure 8-4 although no pressure was applied to the ectuator. 

The indication rose, peaked, and then decayed apparently beceuse one of 
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Figure 8-3. S-II Engines No. 2 and 3 Hydraulic System Temperature 


the Bourdon tubes was cooled first and then the cther. When both tubes 
had been cooled to the same temperature, indicattons are that transducer 
was again able to measure differential pressure. 


The ramp increase continued until] 319 seconds when the apparent force on the 
yaw actuator had reached 80,000 Newtons (18,000 Ibf}. At 319 seconds, the 
engine No. 2 pitch and yaw actuaters showed a step increase in pressure which 
was apparently caused by a side load on the engine. The apparent force 

on the yaw actuator rose rapidly to 101,000 Newtons (22,700 lbf) as a 
constant force of approximately 21,000 Newtons {4700 lbf) was added to the 
temperature-induced indication. At the save time, the force on the 

pitch actuator increased to 32,000 Newtons (7000 Ibf). These constant 
forces remained until engine No. 2 cutoff. The total yaw actuator force 
indication continued to increase fror 101,000 Newtons (22,700 lbf) and 
reached a maximum cf 125,0CC Newtons (28,000 Ibf) at 336 seconds, when 

tt startec a decay which reached 13,000 Newtons (3000 lbf} at 416 seconds. 


In engine static firing tests conducted at MSFC, these actuator hydraulic 
pressure changes and engine ‘novements have been reproduced. Jn the tests, 
a LOX-rich Augmented Spark Igniter (ASI) mixture eatio was used. This 
caused the main injector to be eroded. This, in turn, made a hole in the 
aft portion of the thrust chamber. Expanding gases from this hole created 
a side thrust which caused effects very similar to those observed ih 
flight as shown in Figure 8-4. The engine failure analysis is described 
in detail in paragraph 6.3, 
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Figure &-4. S-1I Engine No. 2 Actuator Forces 


At 423 seconds, the yaw actuator ferce increased to 98,000 Newtons 
(22,000 1bf}, it then started to decay and finally leveled off at 

-35,000 Newtons (-8C00 Ibf) (tensile force) at 47@ seconds, where it re- 
mained for the duration of S-1I flight. The pttch actuator force dropped 
to -22,000 Newtons {-5000 Ibf}) at 415 seconds and then decayed to 

-=31,000 Newtons (-7000 Ibf} where it remained to the end of S-II flight. 
After engine No. 2 cutoff, both the pitch and yaw actuator pressure 
measurements indicated a force which tended to force the ergine inbeard. 
Tris incicated force is stil] under investigation. 


Tre pitch actuator continued to respond to quidance commanas as shown in 
Figure 8-5 until 480 seconds when the accumulator was empty of fluid. 

Shartly after engine No. 2 cutoff, the yaw actuator failed to respond to 
guidance commands. The performance of the yaw actuator incicates that it 
locked up at this time. The probable causes for this were closure of the 
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Figure 8-5. S-II Engine No. 2 Actuator Conmands and Positions 


hydraulic Jock valve within the actuator or seizure of the piston. The 
lock normally closes when the difference between the actuator supply and 
return pressures decays below 900 to 1200 N/cm2 {1300 to 1700 psid). A 
low differential pressure could have been caused by highly viscous fluid 
within the actuator or the supply and/or return lines to the actuator, 
resulting from a low temperature condition. Piston sefzure could have 
resulted from cryogenic fluid spraying on the actuator cylinder. The 

No. 2 hydraulic reservoir level also appeared to have dropped sharply from 
9 percent to zero at ECO. Hydraulic systet No. 3 shows the expected 
reservoir level at this time. The zero volume indication was probably 

due to a complete loss of reservoir fluid caused by a rupture somewhere 

in the low pressure side of the system. This is based Upon a corresponding 
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rapid decay in reservoir pressure to zero, accompanied by a slow decay in 
accumulator pressure which is on the high pressure side of the system. 
Normally, the reservoir pressure decays to approximately 35 N/cmé (50 psia} 
after ECO. The cause of the rupture has not been defined, however, an 
abnormally low tesperature environment could have subjected a portion of 
the system to extreme strains and eventual rupture. The gradual decay 

in engine No, 2 reservoir volume bafore engine No. 2 cutoff (Figure 3-6} 
was probably the result of accumulator gas cooling which resulted in an 
increase in accutulator oil volume and produced a decrease in reservoir 
volume. 


8.4 $-IVB HYDRAULIC SYSTEM {FIRST BURN} 


Engine gimbating {1s accom>lished by an independent, closed-loop, hydraulic 
control system consisting af an enging-driven main pump, an auxiliary 
electric motor-driven auma, two electrically controlled, hydraulically 
powered servaactuators, and an accumulator reservoir. During S-IC and 
S-II powered flight and coast, the auxTliary pump is operating to position 
the J-2 engine in the null pasition and to pressurize the system. The 
main hydraulic pump, driven directly from the accessory drive pad of the 
engine LOX pump, pravides the primary actuator power during S-IV¥B powered 
flight. 


The S-IVB hydraulic system performed witain the predicted limits after 
liftoff with no overboard venting of system fluid as a result of reservoir 
fluid expansion. dust prior to start of propellant loading, the accumula- 
tor was precharged to 1570 N/cm2 (2200 psia) at 277°K (40°F). Raservotr 
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Figure 8-6. S-JI Engines No. 2 and 3 Hydraulic Reservoir Levels 


011 level (auxiliary pump off} was 78.5 percent at 270°K (26°F). There 
were no thermal cycles prior to Jaunch. The low Gaseous Nitragen (GN2) 
temperature of 278°K (40°F) resulted in a low accumulatcr precharge pres- 
sure of 1517 N/emé (2200 psia). This caused appreximately 66 percent of 
the reservoir volume to enter the accumulator after the auxiliary pump 
was turned on. This effect, coupled with the cil valume shrinkage in the 
reservoir, resulted in a comparatively low reservoir oil level of 17 per- 
cent. Table §-1 shows minor pressure level variations and compares the 
liftoff, first burn, parking orbit, and engine restart attempt system 
pressures. 


During S-IC/S-II boost al] syster fluid temperatures rose steadily (Figure 
8-7) when the auxiliary pump was operating and convection cooling was 
decreasing. Accumulator gas and actuator cylinder temperatures remained 
low since they are located on the extreme ends of the system. The 

supply pressure during the first burn was nearly constant at 2482 N/cm2 
(3600 psia) as compared to the allowable of 2344 to 2517 N/em2 (3400 

to 3650 psia}. The maximum actuator torque resulting from yehicle 
ibfeiny: command during first burn was in pitch at 12,639 N-m {111,863 
Ibf-in}. 


System temperatures did not rise normally during the latter portion of 
first burn as shown in Figure 8-7. The following characteristics were 
not experienced on previous flights: 


a. At 688 seconds the yaw actuator suddenly started to lose temperature 
at the rate of approximately 0.28 °K/s (0.5 °F/s). 


b. At 701 seconds the pump inlet oi? temoerature suddenly jumped 16.6°K 
(30°F) in 14 seconds and then decreased 8.3°K {15°F} at cutoff. 


c. The wain pump discharge line temperature began to rise normally at 
the start of engine burn. At 670 seconds it suddenly started to 
drop and then leveled off at ECO. 


Table 8-1. S-I¥B dydra 
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8.5 S-IVB HYDRAULIC SYSTEM (CDAST PHASE) 


During orbital coast there were no thermal cycles of the auxiliary hydraulic 
pump. After ECO, the pump inlet oi] temperature increased from 349 to 
358°K (168 to 185°F} due to continued heat transfer from the LOX turbine 
dome to the pump manifold as shown in Figure 8-8. During the remainder of 
the coast period this temperature decreased gradually along with 

other system temoeratures. System blceddown required 57 seconds and ac- 
cumulator srecharge pressure stabilized at 1062 N/cm2 {2150 psia), 


8.6 S-IV3 HYDRAULIC SYSTEM (SECOND BURN} 


The auxiliary pump was activated to the flight mode at 10,822 seconds 
(793 seconds prior to second burn}. The pump failed to produce any dis- 
cernible hydraulic pressure. There was current draw to the pump moter 
of approximately 12 amperes which is an indication that the pump was 
cavitating. Normal motor current is 45 amperes. A 6,9 N/eme (10 psi) 
reservoir pressure increase occurred approximately 250 seconds later as 
shown in Figure 8-9, but this was of short duration. 
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Figure 8-8. S-IVB Hydraulic System Performance - Coast Phase 
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Figure 8-9, S-IYB Hydraulic System Pressure During Attempted Restart 


After engine restart conmand the main engine hydraulic pump failed to 
produce any measurable hydraulic system pressure. At the start of LOX tur- 
bine spin (at approximately 11,622 seconds), after restart engine command, 
there was a small fluctuation in reservoir oi] pressure, the actuators 

moved slightly and there was a 15°K (27°F) momentary drop in pump inlet 

oil temperature as shown in Figure 8-10. This ind*cated that the main 

punp was turning and moving fluid but was unable to develop system pressure. 


It has been concluded that both the auxiliary and main hydraulic pump 
failures in the period preceding and during second burn attempt were due 
to cavitation. S‘nce the reservoir oi7 level and pressure were normal, 
it is believed that the condition was caused by localized freezing of 
the pump suction line hydraul*c fluid by an impingement from a leaking 
cryogenic line. “he pump suction Tine runs across the gimbal plane on 
position IIT between the accumulator reservoir on the thrust structure 
and the matn hydraulic pump on the LOX turbine dame as shown in Figure 8-11. 
If this tine is subjected to cryogenic freezing, a blockage af oi] would 
result in the line (pour point of MIL-H-5606 011 is 205°K [-90°F]! which 
would starve the inlets of beth pumps, lose inlet pressure head and pre- 
vent reservoir fluid from reaching the pumps. 


Two attempts were made to start the auxiliary hydraulic pump by ground 
command with no success. The pump inlet and reservatr o71 temperatures 
continued to sink at approximately the same rates. The pump discharge 
line temperature measurement which was located near tre system thermal 
switch apparently varied with exposure to solar raciatior or earth's 
shadow. This shows that abnormal system temperature deviations were no 
longer present after the engine restart attempt. 
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Figure 8-10. S-IVB Hydraulic System Performance 
Curing Attempted Restart 
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SECTION 9 
STRUCTURES 


9.1 SUMMARY 


The AS-502 flight vehicle experienced considerably more structural activity 
than the AS-501; however, this activity did not reach suffictent magnitude 
to pose a threat to the launch vehicle structural integrity. Areas of 
structural activity included: 


a. A sligntly more severe vehicle release fransient than on 
AS-501 (paragraph 9.2.1). 


b. Coupling of longitudinal structural dynamics with thrust 
oscillations (PO0G0) (paragraph 9.2.3.1). 


c. Limited amplitude S-I¥B panel flutter (paragraph 9.3.4). 


d. A shock response type transient which occurred at 133 seconds 

{Section Ay. 

e. Inboard Engine Cutoff (IECO) longitudinal acceleration design 
value exceedance (paragraph 9.2.1}. 


f, Premature cutoff of two of the five S-IT stage engines 
(paragraph 9.2.1 and 9.2.2). 


The transients, due to thrust buildup and vehicle release, resulted in 
maximum longitudinal and Tateral (pitch plane) dynamic load factors of 
40.4 and 0.08 g, respectively, at the command module. The maximum 
steady-state bending moment condition, 9.89 x 106 H-m (7.29 x 106 Ibf-ft), 
was experienced at 66.6 seconds. The maximum longitudinal loads were 
experienced at 144.72 seconds (ECO) at a rigid body acceleration of 4,8 g, 
Aithough the 4.8 g [ECO condition was greater than the 4.68 q design 
yalue, no matnline structural problems were encountered during this 

phase of flight. 


Thrust oscillation-structural dynamic response coupling (POGO) was 
evident during the 110 to 140 second region of S-IC range time, The 
longitudinal dynamics of the launch vehicle induced lateral accelerations 
of 0.65 Gpeak at the Lunar Module Test Article (LTA). Oscillations in 
the first longitudinal mode during the 110 to 140 second time period 
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exceeded that exnerienced during AS-501 flight by approximately a factor 
Of three. Maximun response occurred in the 5.2 to 5,5 hertz bandwidth, 


Fin bending and torsional modes compared well with analytical predictions. 
Fin vibrations exceeded the range of «he accelerometers but the modal 
frequencies did not coalesce and flutter did not occur, S-IC, S~1¥B, 

and Instrument Unit (IU) vibrations were as expected. S-I] stage vibra- 
tions were as expected, except that forward skirt vibrations exceeded 

the sine and random criteria at liftoff. No adverse effects were noted. 
S-IV@ forward skirt experienced limited amplitude panel flutter. The 

stress amplitudes encountered, due te flutter, were about three times higher 
than those of AS-204 but were still within a tolerable level. 


A pronounced transient was evident at approximately 133 seconcs in many 
measurements on the vehicle. The transient was also reported by Marned 
Spacecraft Center (MSC) to be present on many of the spacecraft measure- 
ments. Details of this transient are discussed in Section 9A. 


9,2 TOTAL VEHICLE STRUCTURES EVALUATION 
9.2.1 Longitudinal Loads 


The vehicle longitudinal dynamic response due te thrust buildup and 
release is shown in Figure 9-1. The axial cynamic loads derived from 
strain gage data are shown at the S-IC intertank and forward skirt. Two 
upper stations, where astronaut comfort is cf prime concern, are given 
in terms of acceleration. The simulated response at the command module 
is based on measured forcing functions ard is presented in lieu of the 
measured accelerations which were not available. 


The measured accelerations shown at the IU were filtered to eliminate 
localized high frequencies (higher than 6 hertz) so that overall vehicle 
dynamics could be more accurately established, A frequency analysis of 
the filtered data indicated a predaminance of 3.8 and 4.4 hertz oscilla- 
tions. Oscillations observed ir the axial load plots are not as pro- 
nounced as in the acceleration data because of the low frequency 
limitation (2.4 hertz) of the teleretry system from which the strain 
data was obtained, The 3.8 and 4.4 hertz oscillations are precisely 

: predicted for the first two longitudinal modes at the time of vehicle 
aunch. 


In general, the AS-502 vehicle longitudinal dynamic response amplitudes 
at launch were greater than those experienced on the AS-501, Maximum 
response at the command module was approximately +0.4 g {simulated} on 
AS-502 and £0.2 g (simulated} on AS-501. 


This increased response was due primarfly to changes in the controlled 
release device characteristics. The time required to clear the controlled 
release device was 1.17 seconds on AS-501 and 0.54 second on AS-502 with 

a steady-state acceleration of 1,24 4. The most significant change was 
the reduction of the number of release rods from 16 for the AS-50I flight 
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Longitudinal Structural Dynamic Response Due to Thrust 
Buildup and Release 


to 12 (€ instrumented) for AS-502. Revised rod lubricating techniques 
adopted an AS-502 gave rise to the lower release rod naximum force shown 
ir Figure 11-3 (Section 11} which also served to increase the release 
transient, Still another minor change in the release parameters was the 
slight decrease in release rod preload shown in Figure 9-2. 


In spite of the changes in the controlled release device which increased 
the dynamic transient due to launch, the response accelerations and cor- 
responding loads throughout the Jaunch vehicle primary structure were 
well within predicted values. This phase of flight posed no tareat to 
maintine structural integrity, 


The vehicle longitudinal acceleration measured during flight is shown in 
Figure 9-3, The rigid body component of this acceleration was essentially 
nominal throughout S-IC burn. This acceleration information, along with 
preflight predicted weight distribution and aerodynamic drag, was used 

as @ basis for longitudinal Toads computations, The maximum Yongitudinal 
dynamic response subsequent to the release transient was experienced 
between 110 to 140 seconds and is illustrated by saading in Figure 9-3. 
This aspect of the flight will be discussed in aaragraph 9.2.3.1 of this 
report. The longitudinal loads which existed at the time of maximum 
aerodynamic loading (maximum bending moments) and at maximum compression 
(IECO} are shown in Figure 9-4. These figures illustrate the excellent 
agreement between measured loads and toads computed from measured flight 
parameters. The rigid body longitudinal acceleration at time of maximum 
bending moments (66.6 seconds) was 1.93 g. The maximum longitudinal 
loads experienced during flight occurred immediately prior to TECO 
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Figure 9-2. Slow Release Rod Loads During Release 
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(144.72 seconds) at a rigid body longitudinal acceleration of 4.8 g. 
Although the 4.8 g JECO condition was, as predicted, greater than the 
4,68 g design value, no mainline structural problems were expected or 
encountered during this phase of flight. The higher g level was the 
result of a longer inboard engine burn to attain LOX level cutoff. 


Figure 9-5 shows longitudinal acceleration time histories at the S-IC 
center engine gimbal block, S-IC intertank region, and the command module 
during S-IC thrust cutoff (0ECO), Due to absence of accelerometer data 
from the command module, only the dynamic simulation results are presented. 


At approximately 413 seconds range time, two of the five S-IT engines 
prematurely cutoff. The longitudinal loads corresponding tn this two- 
encines-out condition are shown in Figure 9-6 and are well below design. 


9.2.2 Bending Moments 


The lateral transient due to thrust buildup and release is typified by 
the S-1C intertank and forward skirt load time histories shcwn in 
Figure 9-7. The 1 to 2 hertz oscillations apparent in this data are 
due to the lateral dynamic response, or "twang", at vehicle release. 
The low frequency load buildup and decay subsequent to 1.5 seconds is a 
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Figure 9-4, Longitudinal Loads at Maximum Bending Moment and 
Inboard Engine Cutoff 


result of the programmed yaw maneuver, The pitch plane dynamic simulation 
rasponse at the command module during launch is also presented jn Figure 
9-7. The maximum response acceleration was found to be +.08 g. Measured 
Ss at the command module was not available due to questionable flight 
ata. 


The conditions which existed during the high aerodynamic loading phase of 
flight were such as to cause near minimum lateral loads. This is 
Tllustrated by a comparison of the maximum AS-502 flight bending moments 
with design values shown in Figure 9-8. The lateral joad factor is also 
shown, The 9.89 x 106 N-m {7.29 x 106 lbf-ft) maximum bercing mement in 
the S-IC LOX tank at 66.6 seconds was only one third of the desicn value. 
The S-II engines which prematurely cut off (Engines No. 2 and 3) were in 
the upper outboard iocation and could be expected to preduce relatively 
large bending moments. A conservatively high calculaticn cf these 
bending moments, shown in Figure 9-8, indicates values well within design 
envelopes, A comparison with measured strain cage data at one station 

is shown in the figure. 
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Figure 9-6, Longitudinal Loads Subsequent to S-!1 Engines Out 


9.2.3 Vehicle Dynamic Characteristics 


9.2.3.1 Longitudinal Dynanic Characteristics. Frequency versus range 
time for the first longitudinal mode is compared with the analytical 
prediction and data from the AS-501 flight tn Figure 9-9. Modal ampli- 
tude versus range tine is also shown, Qscillation in the first longi- 
tudinal mode was observed on at] longitudinal low frequency instrumenta- 
tion in the maximum Gpeak regions shown in the lower part of Figure 9-9. 
The frequency data agree well with both the analytical prediction and 
the AS-501 data, The data shown in Figure 9-6 of MPR-SAT-FE-68-1 Saturn 
¥ Launch Vehicle Flight Evaluation Report AS-501 Apollo 4 Mission is 
incorrectly identified as being on the JU, when in reelity it was obtained 
from the command module: therefore, it cannot be compared to the AS-501 
data shown in Figure 9-9 of this report. 


The AS-502 vehicle experienced closed loop structural/propulsion coupling 
{P0GG) in the latter part of the S-IC flight. The POGO pheromenor is a 
Closed loop interaction of the three essential interactive vehicle systems: 
the vehicle structure, the vehicle suction propellant feed system, and 

the engine system, . 
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Figure 9-7. Lateral (Pitch) Structural Dynamic Response During 
Thrust Buitdup and Release 
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Figure 9-8. Maximum and S-II Engines Out Bending Moment 
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Figure 9-9. First Longitudinal Modal Frequencies and Accelerations 
During S-IC Powered Flight 
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The buildup of longitudinal cynamics started about 110 seconds range time, 
The structure] oscillations reached a maximum level of +0.18 g at the 
S-I€ gimbal plane and 40.65 ¢ at the command wodule at 125 seconds, then 
decayed to a negligible level ty 14G seconds. This buildup is a result 
of the coalescence of the first longitudinal frequency af the vehicle 
with the first LOX line frequency in the frequency range of 5.2 to 5.4 
hertz. The frequercy coalescence and the resulting structural resnonse 
buildup is illustrated jn Figure 9-10. 


All five F-1 engines were essentially tn phase on AS-502 and showed a 
chamber pressure increase from 110 to 125 seconds and then a decrease 
back within noise level arplitudes at approximately 135 seconds. Figure 
2-11 shows the charber pressures on the individual engines and also a 
compcsite chamber pressure for the five F-1 engines. 


A major difference observed in the propulsion data of the two vehicles 
(AS-501 and AS-502) is that all engines exhibited oscillatory thrust at 
the sane frequency and essentially in phase on AS-502; whereas, the 
AS-501 engines did not show the same engine-to-engine thrust frequency. 
The buildup in the structural acceleration response at the $-IC gimbal 
nlane and the F-1 engine chamber pressure is shown in Figure 3-12. 


Modal amplitudes during the 110 to 140 second region of S-IC range 

time exceeded those experienced during AS-501 flight by apzroximately a 
factor of three as shown in Figure 9-9. Amplitudes at different vehicle 
stations reached peak levels in this time period at various range times 
as indicated in Table 9-1. Maximum response occurred in the 5.2 to 5.5 
hertz bandwidth, The longitudinal dynamics of the launch vehicle in- 
duced lateral accelerations of 0.65 Gpeak at tre _TA. The maximum levels 
measured in the spacecraft LTA durina the 120 to 135 second region were: 


a. Pitch 0.65 Gpeak 
b. Yaw 0.30 Gpeak 
¢. Longitudinal 0:70 Gpeak 


The combination of steady-state longitudinal acceleration of 3.7 9 nlus 
the dynamics at 125 secands created a relatively critical campression 
loading condition for the upser portion of the vehicle. This can be 

best illustrated by a cammarison of the combined Toad (Nc) at 125 seconds 
with IECO loads. 


y. = Mg PL APR 
c * TRE 2k 2 
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Figure 9-10. Longitudinal Oscillation Trends, 110 to 140 Seconds 
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Figure 9-11. S-IC Maximum Individual Engine and Composite 
Chamber Pressure Oscillations 
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Figure 9-12, F-1 Engine Chamber Pressure and Structural Acceleration Response 
at S-IC Gimbal Plane Ouring Time of High Longitudinal Oscillations 
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Table 9-1. Maximum Modal Accelerations at $.5 Hertz for 110 
to 140 Seconds Range Time 


INSTRUMENT VEHICLE $-1C RANGE ACCELERATION 
STATIONS TIME {GPEAK} 
METERS (IN. } 


PITCH 
































E61-118 16.76 (660 
E59-318 21.67 (853 
Ad-320 37.08 (1460 
AG-603 82.55 ae 
GA7015 88.60 (34288 
CACQO7A 97.41 (3835 





LAGGT2A 107.21 (4221) 





LONGITUDINAL 








E90-115 Qo. 
E83-115 123 0. 
E8Z-115 124 0. 
E57-115 120 0. 
£92-117 119 0. 
E93-119 120 0. 
E58-115 128 a. 
GA7011 Q. 













YAW 


A7-603 
GA7013 
LAOO1IA 












82.55 (3250) 
88,60 (3488) 
107.21 (4221) 





"there: 


= Circumferential compression shell load (]bf/in.} 
P= Axial Toad (1bf) 

= Bending monent (in.-1bf)} 

= Local vehicle radius (in.) 
iP = Gage ullage or venting pressure (Tbf/in.¢) 


The combined compression loads attained the largest relative maximum, 
compared to IECO loads, in the S-IVB forward skirt and IU. At the IU/ 
Spacecraft interface, the limit compression load at 125 seconds was 
1103.30 H/om (630 lbf/in.) compared with 1015.74 N/em {580 lbf/in.) at 
IECO, The mininum predicted ultimate capability at this time is 

1523.60 H/com (870 1bf/in.} based on a maximum heating trajectory tempera- 
ture prediction. AS-502 flight was such that maximum heating was not 
experienced, and the minimum capability was only degraded to 2084.01 N/em 
(1190 Ibf/in.}, The minimum factor of safety mainteined through this 
condition for AS-502 was well in excess of 1.5, The axial load diagram, 
steady state plus dynamics, for this condition is presented in Figure 
9-13, Lateral loading at this time was slight. 


Figure 9-14 shaws a comparison of normalized fliaht data with analytically 
predicted first longitudinal mode shapes. Mode shape data from the LM 
analysis have been included on one of the shapes for ccmparison purpases. 


9.2.3.2 Lateral Dynamic Characteristics. Oscillations in pitch and yaw 
were detectable throughout S-IC powered flight. The frequencies of these 
oscillations agreed with the aralytical predictions as shawn in Figure 
9-15. The first three vehicle pitch modes were detectahle throughout 
first stage boost. The fourth mode came in very strangly near the end of 
first stage boost. Spectral analyses were performed ta determine modal 
frequencies using five-secord time slices. Te obtain traximum acceleration 
levels, magnetic tane data were filtered using digital filters set at the 
modal frequency range. The yaw direction acceleration levels were Tess 

in the 110 to 140 second region than the pitch or longitudinal levels; 
however, the first moce response in the yaw direction was generally higher 
than in the pitch direction throughout first stage flight. Modal data 

for the second yaw mode were generally hidden by a two cycle noise which 
existed in the yaw instrumerts throughout first stage flight. The noise 
appeared in the S-IC stage and I! measurements. A comparison of normalized 
flight data with analytically predicted pitch and yaw mode shapes is 
presented in Figure 9-16. 


9.2.4 $-IC Fin Dynamics 


Vibration levels on the fins were high at liftoff and in the high dynamic 
pressure portion of AS-5C2 flight, but the modal frequencies did not 
coalesce and there was no evidence of flutter. Figure 9-17 shows that 
vibration levels were similar to those of AS-501, Levels abserved 
exceeded the range af the instrumentation; however, the range of the 
instrumentation was below design levels. 
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Flight 


Measurement range increases were requested after AS-501 flight to 

determine fin vibration levels. These are to be incorporated into AS-503 
instrumentation. Maximum bending moments on the two instrumented fins 
(Figure 9-18} were approximately 50 percent greater than those encountered 
during AS-501 flight but were far below design load. Since maximum 

vehicle angle-of-attack in the high dynamic pressure reqien cccurred in 

the pitch plane, it is deduced that all four fins experienced approximately 
equal angles-of-attack, zerodynamic loading, and bending moment, 


9.3 VIBRATION EVALUATION 
9.3.1 S-IC Stage and Engine Evaluation 


The S-IC structure, engine, and componert vibration measurements {locations 
of measurements are shown in Figures 9-18 and 9-19) taken on the S-IC stage 
are summarized in Figures 9-20 through 9-22 and Table 9-2, 


9.3.1.1 S-IC Stage Structure. Vibration levels in the thrust structure 
at liftoff were similar to static firing levels but were lower during the 
remainder of AS-502 flight. This trend was expected and is similar to 
AS-801 flight data. The intertank structure and forward skirt structure 
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Figure 9-17, S-IC Fin vibration Response and Bending and Torsional 
Modal Frequencies 
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Figure 9-18. $-IC Vibration and Strain Measurements at Fin, Fin 
and Fairing, F-1 Engine, and Thrust Structure 
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Figure 9-19, S-IC Vibration and Strain Measurements at Intertank, 
LOX Tank, and Forward Skirt 
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” show vibration levels similar to AS-501 flight data. The levels for launch 
and throughout AS-502 flight were lower than static firing levels. 


9.3.1.2 f-1 Engines, Four of the five F-1 engine combustion chamber 
vibration measurements yielded valid data. Overall rns tevels were higher 
than static firing data. All five vibration measurements on the com- 
bustion chamber of AS-50] were invalid. The engine turbopump vibration 
Jeyels, although slightly higher during AS-502 flight, were generally 
comparable to static firing and AS-501 flight levels. 


9.3.1.3 S-IC Stage Components. The responses of comoonents on the S-IC, 
engine actuators, cold he jum Tine, and propellant delivery system are 
summarized in Figure 9-22 and Table 9-2. The engine actuator measurements 
showed atiplitudes similar to static firing data and somewhat higher than 
AS-501 flight data. Generally, cold helium line measurements snowed 

leveis lower than static firing levels and similar to AS-501 flight levels. 
A11 AS-502 flight cold helium data were invalid before 3 seconds. Measure- 
nents taken on the propellant delivery system show data similar to the 
static firing and AS-501 data. The constant level throughout flight 
indicates that the vibration was a result of flow dynamics and not af- 
fected by acoustics. On the vibration isolated panels, the only valid 
data obtained was from one measurement at launch. This measurement in- 
dicated very low level vibrations as expected and therefore is not shown 

in Figure 9-22. 


9.3.2 5-11 Stage and Engine Evaluation 


S-TI structure, engine, and component vibration measurements evaluated 

on the S-IJ stage are summarized in Figures 9-23 through 9-26 and Table 
9-3. AS-501 data shown for comparison have been updated since release 

of the AS-501 flight evaluation report. Spectral analyses indicated that 
the tasi¢e AS-502 spectral shapes were the same as for AS-501. The energy 
is concentrated in narrow bands with major peaks occurring near 100 hertz. 


9.3.2.1 S-II Stage Structure, The trends were as expected on the aft 
skirt, thrust cone, and interstage; however, forward skirt in the liftoff 
environment on the flame bucket side away from the tawer exceeded the 

sine and random criteria. These exceedances occurred at frequencies near 
100 hertz on both AS-501 and AS-502, The exceedances were more proncunced 
on AS-502 but no adverse effects were noted on ejther flight. 





9.3.2.2 S-1l Stage J-2 Engines, The 15 5-1] engine vibration measure- 
ments (combustion domes, LOX pump, and LHg pumps) for AS-501 and AS-£02 
were considered invalid because of amplifier saturation at frecuencies 
above 3000 hertz. 


9.3.2.3 S-I] Stage Components, Results were within design levels except 
for the forward ah containers which, like the forward skirt structure, 
exceeded the design criteria for about 1 second during the liftoff period. 
No faitures occurred in the affected equipment, 
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Figure 9-23. $-IT Stage Structure Vibration Envelopes at Forward 
Skirt Stringers and Interstage Frames 
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Figure 9-24, S-II Stage Structure Vibration Envelopes at Aft Skirt 
Stringers and Interstage Frames 
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Figure 9-26. S-II Stage Component Vibration Envelopes 
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9.3.3 S-IVB Stage and Engine Evaluation 


Nine vibration measurements were made on the structure, twenty-two at 
components and six on the engine. Measurement locations are shown in 
Figure 9-27. The maximum composite (50 to 3000 hertz} vibration levels 
on the structure, forward components, aft components, and engine are 
summarized in Figure 9-28 and Table 9-4. For comparison purposes, the 
Vibration levels are shown with measurements taken during AS-501 flight. 


9,3,3,]1 S-+I¥B Stage Structure and Components, The maximum vibration 
levels measured on the $-I¥B structure were slightly lower on AS-502 than 
on AS-501, Forward component maximum vibration levels were greater on 
AS-502 than measured at similar locations during the AS-501 flight. The 


maximum vibration levels measured at the aft components were 70 percent 
of those measured at similar locations during the AS-501 flight. 


9.3,3,2 S-IVB Stage J-2 Engine. The maximum vibration levels measured 
on the engine were almost identical to those measured during the first 
S-IVB burn of the AS-501 flight. 
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Figure 9-27, S-IVB Acoustics, Vibration and Dynamic Strain Measurements 
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Figure 9-28. §-IVB Stage Vibration Envelopes 
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9.3.4 S-IVB Stage Forward Skirt Dynarrics 


Sixteen dyramic strain gage reasurerents were placed on the AS-502/S-IVE 
forward skirt for the purpase of investigating possible panel flutter 
characteristics during the supersonic flight regime, These measurements 
were located at vehicle station 79.64 meters (3135.5 in.) and placed ap- 
proximately every 22.5 degrees around the circurference of the skirt 
section as shown in Figure $-27. The measurement numbers were S0086-426 
through 80101-4276, Positioning of each strain gage was such that it was 
mounted 10.16 certimeters (4 in.} forward of the panel trailing edge. 

This location was chosen because data was obtained at the same point during 
ezrlier wind tunnel tests. The envelopes cf the naximur and rinimur com- 
posite (0 to 800 hertz) strain levels measured at these locations are 

shown in Figure 9-29. The envelopes from the AS-204 flight are alsc shown, 


The time history of the composite dynamic strain levels from most of the 
measurements followed the same trend as the acoustic levels measured on 
the forward skirt shown in Figure 16-18 (Section 16). 


Angle-of-attack and differential pressure across the panels are important 
parameters to consider when assessing panel flutter severity. Figure 11-10 
{Section 11) shows the angle-of-attack history for AS-502 and Figure 9-30 
shows the differential pressure histary. For angles-af-attack smaller 

than two degrees, all the panels are assumed to be buckled due te axial 
loads alone. At larger angles-of-attack, a load relief ts experienced on 
the windward side of the vehicle and a higher axial load exists on the 
leeward side. The panets would be most susceptible to flutter near the 
critical buckling load of the panel. 


The differential pressure time histories across the panels at stations 
80.49 meters (3196 in.} and 78,99 meters {3110 in.) are shown in Figure 
9-30. The dynamic strain gage location is approximately midway between 
these stations. These differential pressure loads were calculated by 
using the internal compartment pressure measurement 00051-411 and external 
aerodynamic data obtained from the AS-204 flight. The presence of a 
pressure differential across a panel will tend to decrease the flutter 
potential and/or suppress the resulting panel flutter stress amp? itudes . 
Angles-of-attack greater than about two degrees will decrease the pressure 
differential loading on panels on the windward side of the vehicle raking 
conditions more favorable for flutter to occur, 


The flight data showed a random response during the liftoff, Mach 1 and 

Max @ regimes. This response is typical and results from engine acoustics 
and inflight fluctuating pressures. In the regime after Max Q, 

77 seconds < t ¢ 92 seconds, measurement numbers S-90, S$-92, $-93, 5-94, 
5-97, S-100, and S-10? show a complex periodic waveform and a corresponding 
increase jn strain amplitude. These waveforms are characteristic of 
buckled panel flutter and indicative that panel flutter did occur during 
flight. Typical examples of these strain time histories are shown in 
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1.6 
MACH NUMZE? 
Figure 9-30. Pressure Differential Across 3-1¥B Forward Skirt Panels 


Figure 9-31, $-100 and S-101 exhibited the highest strain arplitudes 
during flight. These values were 1750 » in./in. and 2000 . in./in. of 
strain and occurred at 88 seconds (2.2 s Mach s 2.4} and 80 seconds 

(1.7 < Mach < 1,9), respectively, The flutter frequency was approximately 
150 hertz for $-100 and 300 hertz for S-101. An mis strain history for 
these respective flutter frequencies is shawn in Figure 9-32. The dif- 
ferential pressure across the panels at this time was approximately 

0.83 N/om2 {1.2 psid). 


It is concluded from these data that panei flutter did occur on the above 
S-IVB forward skirt panels. The pressure differential across the panels 
suppressed the stress amplitudes to a tolerable level for the AS-502 
flight. Although these “*lutter amplitudes tended to be sunpressed by the 
very high AP, they were about three times higher than those measured on 
AS-204, Detailed analysis and evaluation of these data will provide 
guidance for future action with respect to vent area criteria and/or 
structural fixes. 


9.3.5 Instrument Unit Evaluation 


Eignt measurements were used on the IU for monitoring structural vibration 
at the upper and lower interface rings. Twenty measurements were used to 
monitor IU component vibration levels. For comparison purposes, the IU 
structure and component measurements are shown with those taken during 

the AS-501 flight. Figure 9-33 shows the Grms time histories of these 
measurements. 
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Figure 9-32, S-1¥B Forward Skirt RMS Strain Amplitudes 
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Figure 9-33, Instrument Unit Vibration Envelopes 
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9.3.5.1 Instrument Unit Structure. The structural vibration levels at 
liftoff were higher on the AS-50T. At Mach 1/Max Q, the levels were 
higher on AS-502. After S-IC powered flight, the levels became negligible. 


9.3.5.2 Instrument Unit Components. The instrument unit component 
vibration data indicated a broader range of data than that of the structure 
vibration measurements. This is due to different response characteristics 
of the various components. The AS-501 component vibration levels exceeded 
those af AS-502 from liftoff to approximately 56 seconds range time, fFror 
56 seconds range time through maxinum in-flight load to approximately 

120 seconds range time, AS-502 component level exceeded those of AS-501. 
The vibration levels during S-II and S-IVB powered flights were negligible. 


There were no vibration induced malfunctions af the 5T-124¥-3 inertial 
platform on AS-S02. Available data indicates that the ST-124V-3 composite 
vibration levels at liftoff on AS-502 were very near these af AS-5C1 or 
the inertial gimbal. The composite levels cf the inertial gimbal 
vibrations are shown in Figure 9-34. 
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Figure 9-34, AS-502 Versus AS-501 Inertial Gimbal Vibrations 


SECTION 9A 
133 SECOND TRANSIENT 


9A.1 SUMMARY 


At approximately 133 seconds abrupt changes of strain, vibration, and 
acceleration measurements were indicated in the S-IVB, Instrument Unit 
(IU), Spacecraft/Lunar Module Adapter (SLA), Lunar Module Test Article 
(LTA), and Command and Service Module (CSM), Photographic coverage, 
Airborne Light Optical Tracking System (ALOTS), and ground camera film 
showed pieces separating from the area of the adapter. There were no 
known structural failures noted on the launch vehicle. 


All data from both the launch vehicle and spacecraft relevant to this 
133 second anomaly have been investigated by a joint task group at the 
Manned Spacecraft Center (MSC). The results of this investigation are 
being published in a separate anomaly report by MSC. 


9A.2 INSTRUMENT UNIT 


Attempts were made to establish a timeline correlation showing where the 
disturbance started and its propagation throuch the vehicle. A timeline 
of events from each data signal correct to the nearest millisecond would 
have been necessary in order for the timeline to be valid. Probters 
associated with the accomplishment of this task are enumerated beTtow: 


a. The primary problem is the interpretation of the start of the event. 
These differences yary from 1 or 2 mill{seconds to as much as 20 
milliseconds. Forty-inch-per-second oscilTograms were used to aid in 
this determination. 


b. Delays inherent in the transducer, telemetry link, and receiving 
station were identified with a step function input at the 10 percent 
and 90 percent levels; however the input to the vartous transducers 
was not necessarily a step function, but a slow changing Direct 
Current (DC) level followed later by a high frequency shock. This 
could cause additional undetermined delays up to 20 mitlisecands 
depending upon the Inter Range Instrumentation Group {IRIG) channel 
and the type of input. 


c. Signals that should have had close correlation did not always show 
correlation. 


d. Submultiplexed data had a time span over whitch the event could have 
occurred. 


Despite problems with establishing a meaningful timeline, an IU timeline 
was wade. Figure 9A-] shows that the single sideband measurements (with 
the prefix E) responded earliest to the disturbance. This is expected be- 
cause the transient is readily discernible due to tne low level noise and 
the DC signal level prior to the disturbance and the righ (3 kilohertz) 
response of the vibration measurements. Note that the first measurement 
to indicate a change was on a Radio Frequency (RF} assembly rather than 

‘a hard mounted transducer. It would be expected that the hard mounted trans- 
ducer would note the shock first. This indication, coupled with relation- 
ships of times of vibration measurenants on the upper and lower mounting 
ring, illustrates the difficulty in attempting to locate the source of the 
disturbance by the use of a timeline. As shown in Figure 9A-2, measure- 
ment E14, which is on the upper ring, has a higher G level and precedes 
El6é which is on the lower ring; however, £39, waich is on the upper ring, 
has a higher G level but occurs after £41 which is on the lower ring. 
Also, £43, on the ST-124M-3 bracket, preceded all the upser and Tower 

ring measurements as shown in the timeline. 


An attempt was made to see which axis was affected first but this resulted 
in the same type of inconsistencies as listed above. The investigation 
resulted in a list of all the IU related measurements that exhibited a 
response at the time of the disturbance. This list is given in Table 
QA-1. The indication column of Table 9A-] briefly describes the data 
response to the disturbances for eaca signal. A blip is defined as a small 
excursion from the nominal that returns shortly to the nominal. 


The tolerance column indicates the accuracy of the time but does not account 
for the problems previously discussed. Tne adjusted time column takes into 
account transducer, telemetry, transmission, and receiving station delays 

in order to show when the transducer actually detected the event. Each of 
the parameters will not be discussed separately but will be grouped for 
more meaningful presentation. 


94.2.1 Mechanical Versus Electrical Disturbance 


A discussion of the nechanical versus the electrical effects at the time 

of the disturbance points toward a positive mechanical primary event with 
most secondary electrical effects readily understood, Table 9A-2 shows 

the disturbance to be primarily a mechanical shock because the equipment 
mentioned oscillated at their respective resonant frequency. Measurements 
A6 and A? were limited by the telemetry to a 25 hertz response. The 
equipment would not respond at toeir resonant frequencies if the disturbance 
had been purely electrical. 


The ST-124M-3 servo loops, in reaction to the shock, drew a higher than 


formal current from the 56 yolt power supply. The supply in turn placed 
a larger current demand than normal (greater than 9.5 amperes) on the 
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MEASUREMENTS 


133.27 





| E13-60? YIBRAIIGN RADIO FREQUENCY ASSEMBLY LOCATION 9 
{43-603 VIBRAT]ON ST-174 GRECKET, LONGITUDINAL LPPER LEFT LEG LOCAT:ON 21 
E7-693  YIBRATION $T-124 SUPPORT, LONGITUOENAL LOCATION 21 


E14-603 VIBRATION UPPES MOUNTING RING, LONGITUDINAL LOCATIGN 18 
{37-603 VIBRATION ST-124 SUPPORT, LOWER RIGHT BASE, LONGITUDINAL LOCATION 21 





£16-603 VIBRATION LIWER MOUNTING RING, LONGITUSINAL LOCATION 13 
£23 603 VIBRATION LYDC/LVOA TANGENT LOCATION 19 
£41-509 VIBEAT1Oh LOWER MOUNTING RING, LONGITUDINAL LOCATEGN 21 





[44-693 CUTPUT, Z GYRO SERYO 
[£39-693 VIBRATION UP2E2 MOUNTING PING, LONG:TUDIN™L LHCATLON 7T 
JE2-603  YIBRATION ST-124 INERTIAL GIMBAL X-AXIS 


£1-603 VIBRATION St-124 JNERTIAL GIMBAL Z-AXIS 

£9-603 VIBRATION ST-124 IYERTIAL GIMBAL Y-AXIS 

F9-603 VIBRATION ST-124 SUPPOST, PERPENDTCILAR LOCAT(ON 25 
14-603 ST-124 % ACCELERATION SERVO 

WiS-603 ST-124 ¥ ACCELERATION SERVO 

HIS-603 OUTPLT, ¥ GYRO SERYO 


E#6-603 VIBRAT(ON LYOC/LVDA, LONS(TUBINAL LOCATIOK 1% 
19-603 $T-124 2 ACCELERATION PICKUP 
















H12-603 Sl-124 ¥ ACCELERATION PICKUP 
H13-603 $T-124 2 ACCELERATION SERVO 


Ht6-602 Z ACCELERATION, Al 
H46-603 QUIPUT, ¥ GYRE SCRYO 


[11-601 SUBLIMATOR HzO FLOWRATE 
H20-602 x ACCELERATION, Al 
A33-602 CDS MOMITOR ANGULAR YELOCITY, ROLL GROUP NUMBER 
DI-900 EDS DELTA PRESSURE, PITCH, Q-BALL 
03-900 EDS DELTA PRESSURE, YAW, Q-BALL 
|G2-101 YAW ACTUATOR 2OSITION 


| A7-603 YAW ACCELE2ATION 
H27-603 Y ACCELEKAILON, BI 


AG-f03 PITCH ACCELERATION 
H26-802 ¥ ACCELERATION, 42 


| H11-603 ST-124 % ACCELERATION PICKUP 
[Gt-101 PITCH ACTYATOR POSITION 
| A2-663 LONGITUDINAL ACCELERATION 


133.28 133.29 133,30 
RANGE TIME, SECONDS 


Figure 9A-1. First Instrument Unit Measurements Affected by the 
133 Second Disturbance 
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Table 9A-1. List of IU Measurements With 133 Second Response 
a 
MEASUREMENT - TOLERANCE T 
NUMBER MEASUREMENT NAME INDICA ]ON (MSEC) (133 Sec+} 
42-603 Lorgitudinal Accelerometer -G(0.06 PP} +2, 8B 0,294 
AG-6C3 Pitch Accelerometer +6 2 Rings 5 9,296 
A?-603 Yow Accelerometer 46 & Rings red 0.293 
B1-601 Accustic 23° Off Position 
to Position IV Rings 420 0.301 
(22-602 Flight Control Computer [FCC] 
Methanol/water {M/W} Exit 
Temperature + lin 42, -B3 0.297 
236-607 tU Ambient Temperature inflection £000 O to 0.1 
C70-602 FCC Temperature + Blip +50, -100 0.3 
C82-601 Thermal Conditioning Syscem 
{1€S) GN2 Tenperature - Blip +50, -100 0.3 
310-603 Gas Beartng System (5BS) GNo 
Regutator Pressure Inlet Steps Down +50, +100 b.3 
D18-601 S-IVE M/W Exit Pressure Rings +2, +83 0,374 
024-601 M/W Puna Inlet Pressare Steps Up, 
Levels Off +50, -100 0.4 
D25-60t GN> Requlator Inlet Pressure 
{TCs} = Blip +80, -100 0.3 
043-601 Sublimator Water [rlet Pressure + Step +2, © -83 0.307 
E1-603 Inertial Z Axis Gimbal ¥'bration | 12 G PP Rings | +5 0,282 
E2-603 Inertial X Axis Gimbal YWebration | 12 G6 PP Rings | +6 9,281 
E3-603 Inertial ¥ Axis Gimbal ¥'bration | 20 6 PP Rings f +5 0.282 
£7-603 Longitudinal $7-124M Support 
Vibration 23 G PP Rings {| 45 0.276 
€8-603 Perpendicular ST-124K Support 
Yibratior. 31 G PP Rings | +5 0.282 
E14~603 Longitudinal Upper Mounting 
Ring Vibration 47 G PF Rings | 45 0.276 
E 16-603 Longitudinal Lower Mounting 
Ring Vibration 32: G PF Rings | +5 0.277 
(16-602 Longitudinal Radfo Frequency 
inFs Assemaly Vibration 
{f2 Panel) 9 G PP Rings 2s 0,274 
E26-603 Longitudinal Digital Computer 
Oata Adapter Yibration 4.5 G PP Kings] £5 0.283 
£28 -603 Tangent Digital Computer Data 
Adapter Vibration 5.5 G PP Rings +5 9,277 
£37-603 Low Right Base ST-124 Support 
Vibration 7.5 G PP Rings| +5 0,276 
E39-603 Langi tudinal Upper Mounting 
Ring ¥ibration 16 & PP Rings | +5 0.279 
£21-603 Long*tudinal Lower Moynting 
Ring Vibration 2 G PP Rings $s Q.277 
£43-603 ‘Jpper ST-124M Bracket Vibration 13G PP Rings | +5 D275 
E1-603 Sublimacor H20 Flowrate Rings +5 0.282 
¥2-60t Sublsmator Bypass M/W + Blip 42, -83 0.348 
3-601 Cold Plate Inlet Coolant 
Location $ + Blip +2, 83 0.356 
Fq-603 Cold Plate Inlet Coolant 
Location 20 + Blip 42, -AB 0.448 
FS5-603 §T-124M Shroud Inlet Contant > Blip 42, -83 0.373 
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Table 9A-T. 


MEASUREMENT 
NUMBER, 
F6-602 
F7-601 
FR-603 
F9.€02 

F1O-601 

F11-603 
1-131 
G1-162 
G1-103 
fl-ioa 
he-1t 
G2-1c2 
62-103 
62-104 
41-101 
41-10? 
$2109 
#1104 
H2-191 
H2-192 
42-19) 
H2-19¢ 

10-603 

H11-€03 

412-693 

H)3-603 

F1a-€03 

1s-G2 

116-603 

20-603 

H24-b03 

H25-603 

He6-6N3 








Hz7-693 


H35-G03 
436-603 
Hd0-523 
41-603 
HAZ.503 
Ha4-693 
1146-603 
146-603 
325-602 





List of IU Measurements With 133 Second Response {Continued} 


| kaw ara | ADJUSTED 
MEASUREMENT NAME INGICATION tire) 133 Sets) 130 sec) 
2, 83 


Flight Cortrot Computer 
Cold Plate Location 4 
Adapter/Computer M/W (nlet 
(WU Exit Coolant. 

S-IVU [nlet Coolant 

ST-12¢M Shroud Cuulant 

Pitch Actuator Position 
Pitch Actuator Sesition 
Pitch fictuator Position 
Pitch Actuator Position 

Yaw Actuator Pasition 

Yaw Actuator Pesitian 

Yaw Actuator Position 

Yaw Actuator Positior 

P-tch Actuator Yalve Current 
Pitch fctuato Valve Current 
Pitch fctuator Yalve Current 
Pitch fctuater Valve Current 
Yew fctuator valve Lurrent H 
Yaw Pctuator Velve Qurrent 
Yew Actuator Velve Current 
Yaw Pctuatoe Valve Current 
ST-174 2 Accelerometer Mickin 
51-124 % Aeceleroreter Pickin 
ST-124 ¥ Acceterometer Pickup 
$1-124 Z Accelerometer Serv 
83-124 % Pecelerumuler Serve 
$1124 ¥ Pccelerometer Serva 
Z fccelerometer, Al 

K fecelerometer, Al 

¥ fecelerometer, Al 

Y fcceteroneter, £1 

Y fecelrroneter, a2 





Y Accelerometer, Bz 


4.8 RH? Platfors 

YeTt 4.8 KZ, Servo fmp Sunply 
Z 3yro Pickup, ST-124M 

x Syro Pickup, ST-1244 

¥ Syre Pickup, ST-124M 

Qutput Z Gyro Servo 

Cutnut X Gyro Servo 

Cuteut ¥ Gyre Servo 

RF Power Qutput, Fl telereter 





* Blip 
+ Blip 
+ Dip 
- Blip 
- Blip 
* BItp 
e Blas 
+ Bis 
+ Elip 
Gtip 
- Blip {Small} 
+ Blip 
Blip (5matl} 
+ Blip (Small) 
Elly 


+ Blip 





S’onal Changed 
S*gnal Changed 
Signal Chasged 
Signal (haaged 


Vibration 
Pulses 


vibration 
Pulses 


- Btin 
+ Rip 
+ Excursior 
+ Dxeursion 
+ Blip 
Rings 7SHzZ 
Rittas SOHZ 
Rings 90Hz 


- (Stayed 
Demin} 

















5A-6 


Table 94-1. List of IU Measurements With 133 Second Response (Continued) 


2 a : Rav DATA | #vJUSTED 
REASURFME NT PEASUREMENT NAME INDICATEON TOLERANCE rsa secs) (a5 sece 















































NUMBFR (NSFC) 
J26-602 PF Reflective Power, Fl leleneter +(Stayed Ur) +2, +819 
427-608 RF Power Qutpout, F2 Telemeter + Map +2, +63 
NZA-662 RF Refiactive Power, F2 Telemeter | - 3ip 42, RS 
329-602 RF Power Output, PI Teleneter Of fset 42, +83 
330-602 RF Reflective Power, Pl] Telemeter |+ Offset 
J31-602 RF Powe Qutput, $1 Telerieter Offset +2, 83 
332-402 3F Reflective Power, $1 Teleneter | - Blin +50, -100 
175-EN3 Stut‘c Phase Error Blis +2, +83 
476-693 Comrand and Communication System 

(CCS) Autonatic Gain Contre] (AGC) 
if-5 ¥) Blin 
Kél -603 Summation Gyro Currents Blip 
($1-124n) 
K62-603 Surmation Accelerometer Currents Blip 
(ST. 124H) 

3-601 Yelt, $6 UDC Sunply Blip 
ME -603 Welt, 250 Yale Arpere {VA} 

Inverter, Phase 4B Blip 

MP-613 Yelt, 260 VA inverter, Phase CA Blin 
412-601 6011 Bus Voltage Bip 
413-691 621 Bus Voltage ip 
M14-601 6N3t Bus Voltage Blip 
M15-601 GDIN Battery Current Blip 
M17-fO1 6020 Hattery Current Blip 
13-607 6990 Battery Curcert Blip 
M13-60° 6D4] Bus Voltage Offset 
P29-60° 6040 Battery Curvent Blip 
ver-603 Bata Adapter 3¥ Supply flip 
RS-602 Angulay Velocity Pitch Contral Flin 
R5-622 Anqular Velocity Yaw Control Blip 
Rb-f2 fngutar YVeloc* ty Rall Control Blip 
R7-602 Angular Velnetty Pitch Fmergency 





Detection System (FOS) Group 
Number 1 Spare Ulip 









RE-692 Angular Velocity Yaw EOS Grown 

Number 1 Bli¢ 
R11 -692 Angular Velocity Yaw EDS Group 

Nunber 2 (Spare Blip 
R12-602 Angular Yelocity Roll EGS Group 

urber 2 (Reference) Blin 






R13-602 Angular Velocity Pitch EDS Groun 


Nunber 3 (Reference) 

Pngquiar Yelocity Yaw EUS Groun 
Fumber 3 {Command} 

fngular Velocity Roll EDS Groun 
humber 3 {Spare) 


EOS Monitor, Angular Velocity 
R Group Nurber ? 


EDS Monitor, Angular Velocity 
R Group Number 2 





R14-607 








RIS-602 


R33-692 







R3d-602 
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Table 9A-1. List of IU Measurements With 133 Second Response (Continued} 




















RAY DATA | SOJUSTED 






MEASUREMENT 
NUMBLA 


R36-602 


TOLERANCE 


MEASUREMENT NARE (SSF) 


INGICATION 
















EDS Monitor, Angular Yetocity 
R Group Number 3 


Angular Velocity, Pitch (EDS 






+ Blip 






k36-602 







































Input} + Blip 
R37-602 Angutar Yeloc‘ty, Roll (EDS 
Input) + BVip 
Aa3-602 Angutar Velocity, Yaw (EDS 
Input) + Blip 
01-900 EOS «P -Ball Goes NEG 
Then Returns 
03-900 EUS 4P Q-Ball Goes NEG 
Then Returns 
035-900 EDS Q-Ball Summation Goes NEG 
Then Returns 
HBO-613 Guidance Computer Operatiors 


Ftne Simbal Argles 








X% (Ro 1) =4,7 Arc 
Min GsciTlates 
* (Pitch) 40.8 Arc 
Hin CFfset 
Z (Yaw) 5.5 Arc 
Win Cffset 
Ladders 
koll Pulses 
Pitch Pulses 
Yan Pulses 













*Iimes not accurate due to difficulty in tiréna LYDA data. 











JA~8 


Table 9A-2, 133 Second Transient Survey, IU Stage’ 


MEASUREMENT FREQUENCY 


NUMBER NAME RESONANT | 133 SECOND 
{HERTZ} {HERTZ} 


Pitch Body Fixed Accelerometer * 










Yaw Body Fixed Accelerometer * 






57-124 Leg Vibration, 
Longitudinal 


ST-124 Leg Vibration Tangential 
(Stiffened in Radial Direction} 


2 Accelerometer Pickup 


X Accelerometer Pickup 





H12-603 ¥ Accelerometer Pickup 
R4-502 


R5-602 


Pitch Rate Gyro 








Yaw Rate Gyro 





R6-602 Rol) Rate Syro 


*Measurement Bandwidth Limited at 25 Hertz. | 





6D10 bus. A momentary short in the 6D91 bus may have also contributed 
to the problem (see paragraph 94.6}. These could result in transient 
electrical effects throughout the IU and may account for some measure- 
ment changes that were smal] and unrelated to the mechanical disturbance. 


Analysis of the 56 volt power supply regulation and efficiency factor 
proves that a surge of greater than 10 amperes on the 6D10 hattery can 
easily happen. Worst case condition of ST-124M-3 servo loop drain on the 
supply would be close to 9 amperes. Normal system operation shows 
approximately a 1.4 ampere drain. With a 65 percent efficiency, the input 
current to the 56 volt power supply from the 6D10 bus would be 4.3 amperes. 


For normal operation there is an input current of 4.34 amperes at 28 VDC 
assuming 65 percent efficient output current. 


I, = (28}{4.3) (0.65) = 1.4 amperes 
















Assuming the input current did go to 14 ampares at 28 ¥DC, the output 
current was; 


I 28){14} 


. (0.65) = 4.55 amperes at 56 yNC 


Therefore, this 7s normal operation under vibration conditions. 


When the current surge on the 6010 bus with its canseouent voltage drop 
occurred, there were excursions of a lesser nature noted on the 6030 and 
6D40 buses. These fluctuations were apparently caused by other IU power 
supplies reacting to the changing voltage on the 6N10 bus. As a result 
of these fluctuations, transients were induced throughout the IU as 
evidenced by fluctuations in many measurements, 


To discount the possibility of a measuring system problem causing the 
indications observed, an analysis of the various measurement paths was 
performec. It was praven that na commonality of measurement discrepancies 
exists. Measurements are powered by various buses, and are not signal- 
conditioned in any one measuring rack. Multiple cables, multiplexers, 

and telemetry transmitting equipments are involved. 


Figure 9A-3 is @ composite of varfous electrical indications in response 
to the disturbance. The electrical effects are first noted on the 6D40 
bus at 133.211 seconds. Also, it can be noted that an electrical 
disturbance occurred at 133.261 seconds at the 6D10 bus. 


The 6D30 and 6D40 bus current increases are considered to be due to load 
Sharing in the Launch Vehicle Data Adapter (LYDA) and Flight Control 
Computer (FCC). When the 6D11 bus voltage dropped, the 6030 and 6040 
buses assumed the toad momentarily but returned to normal when the 6011 
voltage came back up. 


9A.2,2 Pressure, Flowrate, and Temperature Measurements 


All of the 11 flowrate measurements and 5 of the pressure measurements 
indicated a change at the time of the disturbance. The threshold for the 
flow measurements is low enough that they would readily measure acceTera~ 
tion changes due to the hammer effect. The pressure Measurements also 
are susceptible to G-level changes of the magnitude noted. 


It is not known whether the temperature measurements that changed were 
real temperature fluctuations ar tertiary electrical effects. The leyels 
involved were so small they are negligible. 


The sublimator inlet water pressure transducer, D43-601, sensed a sudden 


change in pressure beginning at 233.307 seconds. This change was either 
@ plus pressure applied to the positive pressure port connected to the 
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Figure 9A-3. Composite Electrical Effects 
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433.4 


water system or a negative change in pressure applied to the minus pressure 
port which was open to the internal IU compartment. The pressure increased 
0.069 N/em@ (0.1 psid) from 133.3 to 133.8 seconds as shown in Figure 9A-4, 


Since the IU compartment shares a common pressure environment with the 
S-I¥B forward skirt and the SLA; and ALOTS film showed pieces separating 
from the area of the SLA, the question of measurement validity was raised. 
The conclusion that the measurement was valid and did in fact detect a 
pressure change at about 133 seconds was based on the following facts. 


a. The 0,5 psid pressure transducer has been used previously on seven 
Saturn I misstons (SA-4 through SA-10) with seven transducers used per 
vehicle. It was also used on the uprated Saturn I first stage on 
AS-201 through AS-204 with at least four transducers used per vehicle. 
Failure occurred on only one transducer, It is suspected that the 
transducer may have been electrically unconnected, 


b. The transducer has been tested by MSFC under vibration and shock levels 
which significantly exceeded any IU vibration and shack requirements, 
No DC shift occurred during any of these tests. 


¢. The maximum friction between wiper and pot would be two resolutions 
or 0.66 percent full scale or 0.03 psi; however, friction between 
wiper and pot is never considered to be a contributing error when 
there is a known vibration present on the transducer, 


d. The effect of temperature and acceleration would not have produced any 
measurable amount of error. The smaliest measurable error would be 
0.33 percent full scale or 0,015 psi representing one resolution 
(wire turn} of the transducer’s potentiometer, 
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Figure 9A-4, Sublimator Inlet Water Differential Pressure 
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e. Vibration is not considered a contributing error because vibration will 
not produce a change in DC level. 


9A.2.3 Radio Frequency (RF) Measurements 


Several telemetry system power measurements exhibited level changes at 
approximately 133 seconds range time. The DS1, DP1, and DF] power ovtputs 
changed by approximately 0.8, 0.15, and -0.15 watts, respectively. The 
corresponding reflected powers changed 0, 0.05, and 0.1] watts, respectively. 
The JF2 power measurement levels did not change even though they showed 

a slight transient. 


Only DF showed a characteristic which may be directly attributed to a 
slight impedance change causing an electrical mismatch in RF components 
beyond the transmitter output; however, the same impedance change could 
have improved the Yoltage Standing Wave Ratio (YSuRD on DS] and DPI 
resulting in the observed changes. Acoustic nojse, vibration, or antenna 
structural strass changes could have caused a slight impedance change. 


The causes of tne observed level changes and transients have not been 
identified. 


98.2.4 ST-124M-3 Stabilized Platform Subsystem and Control Subsystem 
Analysis 


9A.2.4.1 Platform. Of the data available, the accelerometer pickup 
measurements seem to provide very significant insight into the phenomenon. 
These measurements indicate that a disturbance began at approximately 
133.3 seconds and continued for a period of about 100 milliseconds. The 
nature of the deflaction indicates an impulse type disturbance; however 
because of the short duration of the input, the accelerometer response 
would be of a transient type regardless of the nature of the fnput. 


Factors that indicate a physical disturbance in the platform area are: 

a. The platform required additional current load with servo disturbances 
sean, At least part of the additional current drawn from the 6D10 bus 
was due to increased requirements of servo loops. 

b, Platform accelerometers showed disturbances of approximately the same 
ratios as seen during vibration. This would be highly improbable in 
the case of an electrical disturbance. 


c. Phasing was not the same for the three accelerometer loops. For an 
electrical disturbance, the phasing would very likely be the same. 


d. There was no irregularity on the 56 volt power supply that would save 
caused the servo disturbance seen. 
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The platform gtmbal angle analysis indicates the following changes: 
a. Pitch. An approximate 4.8 arc-minute shift at 133.280 seconds. 
b. Yaw. An approximate 4.5 arc-minute shift at 133.350 seconds. 


c. Rall. An approximate -4.7 arc-minute oscillation at 133.262 seconds 
returning to null. 


NOTE: LVDA times on these parameters cannot be accepted as factual due 
to the problems in establishing L¥DA times. 


The yaw and pitch transients responding to vehicle movement corroborate 
the angle-of-attack changes that occurred as measured by the Q-Batl. The 
delta pressure changes indicate that the vehicle nose moved in both pitch 
and yaw attitudes and then returned to null. The ladder outputs and gimbal 
angles indicate vehicle movement in pitch, yaw, and roll. (The q-Ball 

does not measure roll.) 


In both pitch and yaw the yehicle assumed a slight offset; whereas in roll, 
there were oscillations after which the yehicle anc gimbal showed realign- 
ment. The offsets in pitch and yaw did not affect guidance and navigation 
as evidenced by nominal S-IC stage cutoff conditions. 


9A.2.4,.2 Control Rate Gyros, All of the rate gyros that were not too 
noisy to evaluate exhibited a response at the time of the disturbance. 
The effects on the rate gyros at this time are summarized below: 


a. Pitch. A slow buildup of 0.7 degree peak-to-peak signal level at § 
hertz beginning at approximately 120 seconds range time until 133.32 
seconds, The sicnal level reached 4.1 degrees peak-to-peak over 0.7 
seconds tapering off ta less than 0.5 degree by 136 seconds. A 17-2] 
hertz gyro resonance noise was superimposed on the 5 hertz signals 
Of G,5 degree peak-to-peak during this period, 


b. Yaw. Steady-state 0.25 degree peak-to-peak signal level at 5 hertz 
before the disturbance becoming negligible afterward. The signal level 
reached 1.4 degrees peak-to-peak over 0.4 seconds of the disturbance. 

A 17-21 hertz noise was evidenced but hardly discernible. 


Cc. Roll. Slow buildup of 2.0 degrees peak-to-peak signal Tevel at 5 hertz 
from 120 seconds until] the observed disturbance. The signal jevel 
peaked at 8.2 degrees peak-to-peak over 0.4 second diminishing to 1.0 
‘degree peak-to-peak after 136 secands. A 17-2] hertz noise was 
evident throughout this period of 0.5 degree peak-to-peak. 


Rate gyro signal indications at 133.3 seconds tend to indicate the 
disturbance te be a physical vibration and/or resonance close to the rate 
gyro package as opposed to an electrical transient. The initial disturbance 
is seen as a buildup and not an immediate peak as an electrical transient 
would produce. 
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98.2.5 Structures and Dynamics 


Because the IU was not instrumented with strain gauces, a carventional 
strain analysis cannot be performed; however by deductive reasoning, the 
structural integrity of the [U during the 133 second transient can be 
cetermined. 


a. Any IU structural collapse would result in a catastrophic failure. 
This kas been demonstrated by structural testing. 


b. The IU is an entarglement of electrical cables and Environmental 
Control Subsystem fecs) plumbing. Any structural failure weuld most 
likely break an electrical cornector or cause a leak in the ECS 
plumbing. Since no malfunction occurred in the IU during the expected 
lifetime, no structural failure occurred, 


c. The vehicle trajectory performance was nominal assuring that no abnormal 
structural deformation occurred which would influerce the $T-124M-3 
stabilized platform subsystem. 


d. The IU structure has been qualified for vehicle loads which exceeded 
those experienced on AS-502. 


e, Vibrational responses experienced during the 133 second transient were 
of shorter duration and no worse than those occurring during the max- 
imum inflight load condition of AS-501T or AS-502. 


In conclusion, no IU structural failure occurred on AS-502 since it would 
have been detected in the electrical or ECS areas, and no known anomalies 
existed. 


94.3 S-IVB STAGE 


The S-1¥B stage experienced an unusual load distribution at 133 seconds 
as indicated by strain gage measurements at forward skirt stringers. 


Thirty two axial strain gages were installed on external hat stringers. 
The gages were located at vehicle station 3145 of the forward skirt and 
station 2821 of the aft skirt as indicated in Figure 94-5. Eight measure~- 
ment locations at each station were approximately equally spaced around 
the circumference. The recorded data from the strain gages were deter- 
mined to be valid by the S-1¥B Data Qualification Review Board. These 
data were reviewed thoroughly and in detail] and no electrical anomalies 
were detected. In particular, the unusual strain changes which occurred 
at i133 seconds and which remained through 1ECO at about 145 seconds were 
found to be valid by the Review Board. 


The strain histories for the eight side-mounted gages on the aft skirt 


are presented in Figure 9A-6, At range time zero seconds, all measured 
strains were adjusted to the computed correct strain corresponding to the 
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Figure 9A-5. S-IVB Strain Gage Locations 


1g axial load condition preceding liftoff. The maximum and minimum de- 
sign strain envelopes shown in Figure 9A-6 were calculated from design 
conditions and include the effects of maximum expected aerodynamic gusts 
and wind shears. It {s to be noted that the aft skirt strain traces in- 
dicate no unusual strain changes at 133 seconds. It appears that the 
structure distributed loads from the forward skirt uniformly to the aft 
skirt. 


The strain histories for the eight side-mounted gages on the forward skirt 
are presented in Figure 9A-7. The histories for the eight top-mounted 

gages are shown in Figure 94-8, A number of strain measurements exper{- 
enced load shifts at 133 seconds, These strain shifts at 123 seconds 

are summarized in the polar bar chart of Figure 9A-9. In the chart, negative 
values indicate increases in compression; positive vatues indicate de- 
creases in compression. The shift at stringer 8] was 0.00120 in./in. 

which corresponds ta an increase of the stringer axial compresston load 

of approximately 15,124 Newtons (3400 lbf). Stringer 95 experienced an 
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Figure 9A-6. Axial Strain, Aft Skirt Station 2821 
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Figure 94-7. Axial Strain, Forward Skirt Station 3145, Side Gages 
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Figure 9A-8, Axial Strain, Forward Skirt Station 3145, Top Gages 
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Figure 94-9. S-I¥B Forward Skirt Strains Bar Chart Showing Strain Changes 


at 133 Seconds Through OECO 


increase of 3781 Newtons (850 Ibf) in compression, and stringer 27 an 
increase of 2669 Newtons (600 Ibf} in compression. Striagers 27, 54, 8), 
95, and 108 experienced relatively small changes in strain at the top 
mounted gages. These gages reflected the conbined effects of axial Toads, 
local stringer bending, and location shifts of the apolied axial stringer 


loads. 


Changes in the structural character of forward skirt to instrument 


unit interface could result from changes in stiffnesses or load paths of 
structure above the $-I¥B stage forward skirt. 


A review of the possible causes for the sudden strain changes (Figure 9A-9} 
at 133 seconds resulted in the following observations: 
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The strain changes were not thermally induced because: 
(1} The changes were too rapid to be from thermal effects. 


(2} Ten temperature transducers in the forward skirt did not reveal 
any sudden or drastic changes in skirt temperatures. 


The strain changes were not inertially induced since vehicle acceler- 
ometer recordings were normal at 133 seconds, 


The strain changes were not induced by sudden changes in grass mass 
or engine thrust as indicated by the cantinuity and constant slope 
of the plotted curve from accelerometer readings. 


The strain changes were not induced by sudden changes in body bending 
moments because: 


(1) Airloads were neqligible at 133 seconds. 
(2) Engine gimbaling was negligible at 133 seccnds. 


(3) Body bending would be transient from engine gimbaling; whereas, 
the strain disturbances were substantially steady state from 
133 seconds to IECO, 


The strain changes were not induced by faulty strain gage system 
electronics because: 


(1} The data were carefully reviewed by electronic specialists with 
respect to steady voltages, shorts, gage debonding, wiring 
identifications, data transmission, data reduction, etc. The 
data were evaluated as being yelid. 


{2} The pattern of strain changes at 133 seconds was not the type 
expected of favity electronics which would produce offscale or 
zero readings, or result in all similarly wired gages shtfttng 
in the same direction by the same amount. 


The S~IVB stage forward skirt did not fail and cause the strain changes 
observed at 133 seconds because: 


{1} The strain gages continued to respond in normal manner through- 
out the remainder of powered flight. 


(2) The applied flight Toads and temperatures did not exceed design 
loads and temperatures. 


(3} A detailed stress analysis using measured total strains in the 


forward skirt stringers indicated a minimum margin of safety of 
78 percent. 
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g. The strain changes at 133 seconds in the S-IVB forward skirt stringers 
appear to be due to a change in load path through the skirt. 


h. The strain changes at 133 seconds involyed eight strain gages; how- 
ever at 107 seconds, there was an indication of a similar sudden shift 
of strain from the single measurement of side gage 66 at stringer 95. 
This strain shift is shown in Figure 9A-9. The cause af this localized 
incident remains to be determined. 


Causes of these strain changes have been investigated by a foint task 
group at the MSC where all relevant telemetry data from the AS-502 vehicle 
and spacecraft were reviewed and analyzed, The results of that investiga- 
tion will be published in a separate report by MSC. 


9A.4 $~II STAGE 


The S-II stage vibration and acoustic measurements do not indicate a 
general response to shocks near 133 seconds as has been observed on the 
Instrument Unit, Only two measurements, E83-219 at yehicle station 
63.348 meters (2494 in.}, and E81-219 at vehicle station 62.433 meters 
(2458 in.), on the forward skirt, showed appreciable shocks occurring at 
133.8 and 134.1 seconds. The energy appeared to be concentrated at 
frequencies of approximately 400 and 800 hertz, 


9A.5 RF SYSTEMS 


A transient in RF signal level at approximately 133.3 seconds was observed 
at Grand Bahama Islards on IU VHF telemetry Yinks DF1, DF2, 

and DP} as shown in Figures 1S-1 and 19-2, Section 19.5. No effects were 
noted at this time on the Cape Tel 4 (TEL 4) recorded data. The most 
Vikely cause for these transients was that a piece of debris from the SLA, 
shown by the ALOTS film, fell past the IU at this time and momentarily 
shielded the antennas from the ground receivers. To be effective, this 
piece would have to: 


a. Be fairly large; at least 0.186 to 0.279 m2 (2 to 3 ft?). 

b, Fall fairly close to the antenna, 

c. Be of a conductive material. 

Figure 94-10 shows how passage of a piece of debris from the spacecraft 
coincides with these transients. Times on this figure were derived from 
the ALOTS film. 

9A.6 EMERGENCY DETECTION SYSTEM (EDS) 

Although Taunch vehicle EDS indications were noma), there are reports of 


anomalies indicated in the spacecraft. Most significant of these spacecraft 
anomalies was an indication that one of the three abort lines noted automatic 
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Figure 94-10. 'Quick Look" Assessment, ALOTS 70 MM Film, 133 to 135 Seconds 


abort in the EDS logic. Two of the three circuits must give this indication 
before an automatic abort is initiated. This single abort indication 
occurred at the time of the 133 second transient and remained throughout 

the duration of the flight. There were other apparently erratic indications 
in the spacecraft which occurred subsequent to the transient primarily during 
the period from 133 seconds to $-II ignition. AT1 functions in these cables 
are not monitored. 


Figure 9A-11 is a simplified diagram to illustrate the interrelationship 
between the IU and spacecraft EDS power and auto abort interfaces. 


Power to operate tke IU relays is always derived from IU batteries, although 
the signa? to actuate the relay may come from the spacecraft. The same 
philosophy halds for spacecraft networks. As a result, the launch vehicle 
EDS buses 6091, 6D92, and 6093 are fed to the spacecraft. Conversely, 
spacecraft EDS buses No. 1, 2, and 3 are fed to the IU. Since the launch 
vehicle buses are powered by the three operational IU batteries, a short 

on an EDS bus would be reflected in the measurements associated with the IU 
bus which furnishes power to that particular EDS bus. A current spike 
measured in the 6D10 battery bus which occurred at 133.3 seconds (Fiqure 
13-19, Section 13), could be attributed to a momentary short in the 6091 
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bus; however, a more likely cause was the additional current drawn by 

the platform servo system to stabilize the platform (see paragraph 94.2.1). 
Since the 6091 bus power is transmitted to the spacecraft through the 

same cable that contains the line which indicated an abort condition, 

it is conceivable that the same disturbance which caused an abort indi- 
cation could have caused a momentary short on the 6091 bus and the 
resultant transient in the 6010 battery. 


1 
( 











Figure 9A-11. Simplified EDS Power and Auto-Abort Interface 
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SECTION 10 
GUIDANCE AND NAVIGATION 


10.1 SUMMARY 
10.1.1 Flight Program 


The performance of the guidance and navigation system was as predicted 
from liftoff to 412.92 seconds. $-1] engine No. 2 cutoff at 412.92 
seconds was followed by cutoff of $-I! engine No. 3 at 414.18 seconds. 
When engine No, 2 cut off a discrete signal was recognized by the IU 
indicating an engine failure. However, due to a ground rule thay 
only single engine failures be considered, no program action was 

taken for engine No; 3 failure. The change of vehicle acceleration 
was detected. With the discrete signal and Joss in acceleration the 
program entered a guidance mode where guidance and navigation compu- 
tations were made based an a thrust change which was 50 percent of 

the tatal actual change. This mode (artificial tau) lasted until the 
IU sensed an acceleration change due to S-II Programmed Mixture Ratio 
(PMR) shift. Guidance computations responded to variations in altitude 
and velocity caused by the decrease in thrust during the S-IT burn 
period, The control system responded well to the guidance commands 
for the remainder af the boost period. Due to the two-engine-out 
perturbation, flight path angle and velocity were not optimum at 

the time guidance commanded S-I¥8 Engine Cutoff {ECO}. This resulted 
in an overspeed of 49.9 m/s (160 ft/s). A parking orbit which was 
acceptable though off nominal was achieved, 


All orbital guidance maneuvers were satisfactorily performed. IU 
commands were properly executed for S-IVB restart, but the engine did 
not reignite. Since acceleration test conditions were not met, Time 
Base 7 tt) was initiated and a cutoff command was issued to the 
S-IVB stage. 


10.1.2 Instrument Unit Components 


The Launch Yehicle Data Adapter (LVDA) and the Launch Vehicle Digital 
Computer (LYDC) performed as expected for the AS-502 flight. The 
ST-124M-3 inertial platform and associated equipment performed as 
designed, A transfent occurred in dynamics at approximately 133 
seconds {see Section 9A). Outputs of the servo loops indicated the 


disturbance at this time and that the platform responded properly to 
all transients. Qutputs of the accelerometer servo loops indicated 
nominal performance. The accelerometers correctly measured yehicle 
acceleration throughout the boost phase, Telemetry sionals from the 
gyro serva loops indicated that the inertial reference was maintained 
throughout flight unt#l the yaw gimbal reached its limit (+60 degrees) 
at 22,112.4 seconds as a result of the loss of vehicle attitude 
control at 22,023 seconds. Loss of attitude cantrol was due to fuel 
depletion in the Auxiliary Propulsion System (APS) module at position I 
at 21,953 seconds ard in the module at position [II at 22,602 seconds, 
The module at position III was not able to offset the LOX venting 
forces after 22,023 seconcs. 


10.2 GUIDAKCE AND NAVIGATION SYSTEM DESCRIPTION 


This subsection describes the function of the IU components and the 
basic flight program. 


1¢.2.1 Instrument Unit System Description 


A block diagram of the Navigation, Guidance, and Control] System is 
shown in Figure 10-1. 


The LVDC is a high-reliability general-purpose random-access digital 
computer which contains the logic circuits, memory, and timing system 
required to perform arithmetical operations necessary for navigation, 
guidance, and vehicle flight sequencing. The LYDC is also used for 
prelaunch and orbital checkout. 


The LYDA is the input/output device for the LVDC. It is designed to 
transform signals to be compatible with the receiving equipment, 
perform minor computations, and provide temporary data storage. The 
LYDA contains the power supplies used by the LYDC, 


The ST-124M-3 platform system ts a three-gimbal configuration with 

gas bearing gyros and pendulous integrating gyro accelerometers 

mounted on the stable element to provide an inertial space-fixed 
coordinate reference frame for attitude control and navigation measure- 
ments (see Figure 10-2}. Vehicle accelerations and rotations are 
sensed relative to the stable element. Gimbal angles are measured 

by resolvers which have both fine and coarse outputs. Inertial velocity 
is obtained from measurements of the angular rotation of the acceler- 
ometer measuring head. The data are in the form of encoder outputs 
which have redundant channels. 


10.2.2 Flight Program Description 


The flight progran controls the LYDC from Guidance Reference Release 
(GRR) or initiation of Tg until the end of toe mission. The program 
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Figure 10-2, 


performs seven primary functions: 


SERYOED 
PRISM (26° FROM 
HORIZONTAL ALONG 
+¥ AXIS) 


FIXED 
PRISM 


Platform Gimbal Configuration 


navigation, guidance, event sequencing, 


attitude control, data management, ground command processing, and 
hardware evaluation. The program can be describec in twa parts, bi 
routines and orbital routines. 


10.2.2.1 Boost Routines. In general, the boost routines perform 
navigation and guidance, event sequencing, and attitude control, 
navigation encompasses the computations and logic necessary to det 
position, velocity, and acceleration of the vehicle during powered 
flight phases. 


ocst 


Boost 
emine 


The boost guidance is divided into two distinct modes, pre-Iterative 
Guidance Mode (pre-IGM) and Iterative Guidance Mode (16M). Pre-IGM 

is used from initiation of T) to S-IC OECO plus 42 seconds. Pragrammed 
commands include a yaw maneuver for tower clearance, roll to align 

the vehicle to the flight azimuth, and tilt commands, The yaw maneuver 
is initiated at IU umbilical disconnect sensed by LYDC (T]) plus 

1.0 second, Rot? and tilt are initiated when the vertical component 
of space-fixed position changes by 137 meters (449.5 ft) approximately 
ll seconds after T], A time backup of Tj plus 13 seconds is provided 
in case of an accelerometer failure, After the tower is cleared and 
the vehicle fin-I/fin I1i axis is aligned to the flight azimuth, the 
roll and yaw commands are set to zero for the remainder of pre-IGM. 
Tilt comands are computed from one of four third-degree time-tiit 
polynomials, Mominaily, tilt arrest time is T] plus a preset time 

and guidance commands are frozen until initiation of 16M. 


The IGM guidance scheme is a modification of the multi-stage, three- 
dimensional form of IGM, IGM is a near optimal scheme based on a flat 
earth optimum steering function for planar motion of a point-mass 
vehicle. The approximate thrust vector steering function {is imple- 
mented in both the pitch and yaw planes, IGM is implemented in two 
Flight modes, boost-to-parking-orbit IGM and out-of-orbit IGM. 
However, only the boost-to-parking-orbit mode is applicable to AS-502, 
since the S-I¥B stage engine did not reignite, IGM is initiated at 

Tz (S-IC OECO} plus 42 seconds. Based on the state vector at ‘nitia- 
tion of IGM, guidance commands are computed and implemented to steer 
the vehicle to preset term*nal conditions. Alternate logic and 

backup procedures are provided for thrust level shifts and vehicle 
staging. These procedures are discussed in more detail in paragraph 
10.4.2 along with applicable portions of the Flight Program Evaluation, 


The Steering Misalignment Correction (SMC) compensates for the misalign- 
ment of the thrust yector and for the time lags in output of the steering 
commands, The SMC terms are only used during active IGM guidance. 

SMC is not used for any computation cycle in which the reasonableness 
test on both velocity wards fails, turning rates are limited, or when 
both crossover detectors for the gimbal angle read‘ngs are determined 

to be bad. 


Event sequencing is accomplished by the switch selector routine on a 
stored table basis. The routine determines if it is time to issue a 
switch selector command, verifies that no switch selector stage was 

hung, verifies that the correct address is sent to the stage switch 

selector, and issues the read commands, 


Attitude control is accomplished fn the minor loop support section of 
the major Joop on an interrupt basis. The minor loop support routine 
includes calculations of such parameters as steering rates to be applied 
in the minor loop. Limiting of the tadder outputs is accomplished 

when necessary, and backup and failure paths are provided in case 

gimbal angle discrepancies occur. 
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10.2.2.2 Orbital Routines, The orbital program consists af two inter- 
ruptable monitor routines. The first is the Instrument Unit Hardware 
Evaluation Program (HEP), and the second is the Telemetry Executive 
Program (TEP}. Navigation, guidance, event sequencing, attitude 
control, and ground command processing are initiated on an interrupt 
basis from efther HEP or TEP, During orbital flight and when the 
vehicle is not over a ground station, the HEP routine is exercised. 
That is, the computer will be engaged in addressing the Computer 
Interface Unit (CIU), compressing CIU and LYDC data, and executing 
computer self-test. Once the vehicle acquires a ground station, TEP 
is entered as the program major loop. This routine vrovides time 
sharing telemetry of compressed and real time data. In addition, 
command system data and various special data are telemetered on an 
interrupt basts, Data from the LYDA are telemetered automatically. 
The orbital guidance routine controls the computation of the commanded 
vehicle attitudes, This routine is initiated at Ts (LYDC sensed first 
S-IV¥B engine cutoff) plus 15 seconds for the parking orbit and reentered 
at Tz for the waiting orbit. Orbital navigation encompasses the 
computations necessary to determine position, velocity, and 
acceleration in the space-fixed coordinate system during earth 

orbit. These computations are carried out in an indirect fashion, 
making use of mathematical models of the earth, its atmosphere, and 
the vehicle. A routine for switching the C-band antenna as a function 
of position is included. This routine is also entered upon exit from 
the minor Toop at 8-second intervals. 


Event sequencing in orbit is accomplished in exactly the same manner 
as in the boost phase but with the added capability to receive time 
base updates and special outsut sequence commands from ground stations. 


Attitude control for orbital operation is accomplished in the same 
manner as in the boost phase with the exception of the rate of entry 
into the minor loop. The orbital minor loop is entered 10 times per 
second, The first and fifth pass are the attttude update passes 
(cycled through twice per second), and the remaining eight passes are 
for attitude hold {cycled through eight times per second) to minimize 
drift problems. 


Ground command processing is accomplished by the Command Rece‘ver 
interrupt with the Digital Command Subsystem {DCS} routine, The DCS 
routine processes all ground commands, provides data and mode verifi- 
cation, and supplies the necessary information to the various affected 
routines, Flight program differences between the AS-501 and AS-502 
flights are described below: 


a, One M/F smoothing filter was used for all stages on AS-502, 


b. A new curve fit for the orbital vent model was incorporated. 


c. New orbital guidance maneuvers were planned for Ts. 


d. To was initiated hy the inboard engine cutoff interrupt instead of 
a fixed time in Ty. 


e. Five additional CCS commands were provided. 
f. The Apolla Standare Coarcinate System was implemented. 


g. The second $-I¥B cutoff parameters were representative of translunar 
trajectories, 


h. ho artificial tau steering mode was used for the second S-IVB burn 
perlod, 


i. The roll ladder limit was 7 degrees from T7 +0 to 77 +€00 seconds, 
and 15.3 degrees for all other flight times. The pitch and yaw 
ladcer limits were increased from 2.5 te 7 decrees from Tz +15 to 
T7 +60C secords, 


10.3 GUIDANCE INTELLIGENCE ERRCRS 


The postflight guidance hardware error analysis is based on comparisons 
of the ST-124N-3 platform measured velocities with the postflight 
trajectory established by tracking, Figure 10-3 presents comparisons 
of tke platform measured velocities with correspondirg values from 

tke final postflight trajectory (OMPT). Comparisons were made hy 
subtracting guidance values from trajectory values, The differences 
shown for the pitch plane, (range and altitude) are well within the 
accuracy of the data compared. The range velocity difference was 
within + 0.1 ms (0.3 ft/s) for the S-IC and S-I] flight period, 

At $-1¥8 velocity cutoff command the difference was -0.3 m/s (-0.98 ft/s}. 
The altitude velocity difference increased ta a maximum of 0,45 m/s 
(1.49 ft/s} at about 280 seconds and changed slape. At S-1Y¥B cutoff 
the difference was -0.7 m/s (-2.3 ft/s). 


The crossrange velocity difference was well within the accuracy of 

the data and 3 sigma hardware errors, At S-1¥B velocity cutaff command 
the crossrange velocity difference was -1.85 m/s {-6.07 ft/s). Several 
attempts have been made to establish errar terms that would praduce 

the velocity differences shawn, The curves have been simulated to 
within 40.1 m/s {0.3 ft/s} for all three components. A more complete 
error analysis wll be performed and published as a classified memoran- 
dum for linited distribution, An estimate of acceleratfon bias asso- 
ciated with the guidance accelerometers was made using plots of the 
telemetered velocity outputs during orbit. Although venting was 
essentially continuous, the general slope of the oscillating curve 

gives a reasonable estimate of the acceleration bias, Bias errors 
determined by this method and by calculations in the postflight Orbital 
Correction Program (OCP} indicate error magnitudes within 41,0 x 10-4 m/s2 
{3.3 x 10-4 ft/s@) of the preflight measurements for the platform S/N 13. 
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Figure 10-3. 


10.4 NAVIGATION AND GUIDANCE SCHEME EVALUATION 


16.4.3 


Inertial Platform and Navigation Parameter Comparisons 


ST-124M-3 platform measured velocities and LYDC velocities at several 
flight event times are shown in Table 10-1, along with corresponding 


values computed from the postflight trajectory data, 


Trajectory data 


were smoothed through the transient areas to be compatible with the 


velocity differences shown in Figure 10-3. 


No discrepancy was noted 


between data telemetered from the accelerometer pickoffs and the 


accumulated velocities from 


Table 10-1]. 


the LYDC, 


Inertial Platform Yelocity Comparisons 



















EVENTS VELOCITY* 


co ‘ 
Sensed by LVDC ¥. 
148.41 sec 





S-Il Cutoff =; x 
Sensed by LY¥OC, : 
§76,33 sce ¥ 

z 





5-1¥8 Velocity x 
Cutoff Command 






747.04 sec ¥ 


Parking Orbit x 
Insertion, 5 
757.04 sec ¥ 












*These coordinates are as deffned jin the 


R = Altitude velocity 
Y = Crossrange velocity 
2 = Downrange velocity 


TELEMETERED 
ACCELEROMETER 
més {ft/s} 


2482.00 
(8143.04) 
“12.95 
{-42.49) 
2232.75 
{7425.30} 





3627.50 
(11901 .25} 
-10.80 
{-35,43) 
6648.95 
{21814.14) 


2144.85 
(10317.75) 
1.76 


2145.75 
(1320.70) 
1,75 


(5.74) 
7661.45 
(25135.99} 













GUIDANCE 
COMPUTER, 
ms (ft/s) 


POSTFLIGHT 
TRAJFCTORY 
més (ft/s) 

























2482.00 2482.35 
{8143.04} (8144.19} 
12.95 “13.12 
(-42.49} (-43.04} 
2232.75 2232.68 
(7325.30) (7325.07) 





















3627.50 3627 .29 
(11901.25) (11900.56) 

i 19.80 12,25 
(-35.43) (-49.19} 
6648.95 | 6648.87 
(21814.14) | (21813.88) 























3144.85 3144.15 
{10317.75) (40315.45) 
1.75 0.26 
{5.74} (-1,25) 
7659.05 7658.77 
(25178,12) (25177, 20} 





















3145.75 3144.97 
(10320.70) {10318.14)} 
1.78 “0.27 
{5.74} {-0.89) 
7661.45 7661.17 





(2135.99) (25135.07} 


Apollo 13 coordinate system: 


Navigational positions and velocities determined from the preflight 
trajectory, postflight trajectory, and telemetered LYDC data are shown 
in Table 10-2. At S-IC/S-11 separation, the guidance data were in very 
good agreement with the postflight trajectory values. The differences 
between the actual and preflight data reflect nonstandard flight condi- 
tions and S-IC performance. An apparent yaw bias that built up during 
§-IC burn contributed significantly to the 21.94 m/s difference in 
crossrange velocity at S-IC {LYDC sensed} O£CO. The vehicle drift 

in yaw resulted from a small thrust misavignment and slight off-nominal 
engine oerformance. It should be noted “hat pre-IGM guidance does 

not provide path guidance and that the relatively large crossrange 
velocity difference posed no problem for IGM guidance. 


There was good agreement between guidance and postflight trajectory at 
S-II[/S-IVB separation, S-IVB cutoff, and parking orbit insertion. 
However, due to the perturbation caused by premature cutoff of S-II 
engines No. 2 and 3, the agreement between preflight trajectory positions 
and velacittes and either guidance or postflight trajectory values is 
not as good, Measured velocity gain due to thrus= decay after first cut- 
off of the S-IVB stage engine was 2.50 m/s {8,20 ft/s) compared to 

a predicted value of 2.26 m/s (7.41 ft/s) (see Section 7.4}. The 
velocity outputs of the guidance accelerometers from orbital ‘nsertion 

to Tg were curve-fitted with time polynomials. The velocity polynomials 
were differentiated and than evaluated to determine measured accelera- 
tions. A Root-Sum-Square (RSS) of the acceleration components is shown 
as a solid line in Figure 10-4 along with the predicted acceleration 
(dashed line), taken from the final operational trajectory (preflight 
predicted), and the programmed vent model. The guidance acceleration 
components were also adjusted for estimated bias, and the circled 

points represent adjusted accelerations. The thrust produced by the 
Continuous Vent System (CYS) based on venting parameters is shown 

in Figure 7-7 (Section 7.5). 


Oscillations of the measured accelerations appeared to be out of phase 
with the predicted values. This was prabably due to some combination 
of inaccuracies in the predicted values, curve fits of measured data, 
off-nominal propellants onboard at insertion, and off-nominal orbit. 
Further investigations are being made to verify the oredicted accelera- 
tions, The measured accelerations, with minor adjustments for bias, 
were used in establishing the postflight orbital trajectory (see 

Figure 4-6 and paragraph 4.3.25, Figure 4-4 fs similar to Figure 10-4 
in its comparisons of accelerations in parking orbit, except that 
Figure 4-6 inciudes an adjustment for predicted drag, 


10.4.2 Flight Program Eyaluattan 
The flight program performance was as expected for the flight pertur- 


bations experienced, The navigation scheme functioned correctly in all 
phases of flight, control calculations were correct, and orbital operation 
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Figure 10-4. Predicted and Measured Accelerations in Parking Orbit 


was as expected. Guidance schemes functioned as designed. Investiga- 
tions have demonstrated that an overspeed of 48.9 m/s (160 ft/s) was 
a direct result of premature shutdown of the two S-I] stage engines. 


When the premature $-II outboard engine shutdown was detected by the 
flight program, bit 15 was set in mode code word 25 {MC25). This bit 
was improperly identified as inboard engine cut in the program docu- 
mentation. Since this bit fs not used in any of the program logic 
flow, the impraper description had no effect on the operation of the 
flight pragram; only an erroneous indication in real time telemetry 
resulted. This problem has been corrected for future flight programs. 


Pre-IGM guidance was nominal. The yaw maneuver for tower clearance was 
initiated at 1.9 seconds and properly executed before pitch and rol] 
commands were initiated at 11.17 seconds. The vehicle was rolled from i 
90 degree launch azimuth to the 72 degree flight azimuth by 31.3 second 
Upon completion of the yaw and roll maneuvers these guidance commands 
were set to zero for the remainder of pre-IGM guidance mode. No backup 
modes were required for the S-IC stage, and tilt arrest occurred at 140 
seconds. From this time the pitch command (Chi ¥) was frozen until IGM 
initiation at 191.0 seconds. 
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A roll bias of -0.5 degree was observed from approximately 30 seconds to 
Inboard Engine Cutoff (IECO}. A negative yaw bias was noted at approxi- 
mately 15 seconds and slowly reduced to zero by 70 seconds, then gradually 
increased from 88 seconds te IECO. The yaw and rol? biases were probably 
the result of allowable thrust deviations during S-IC burn. The pre-IGM 
guidance does not provide path guidance corrections and the vehicle yaw 
drift was the major contributor to the 21.94 m/s (71.98 ft/s) off-nominat 
crossrange yeloctty at S-IC (LYDC sensed} OECO. 


The performance of clased loop guidance (IGM) was nominal until 412.92 
seconds, when the S-[I stage engine No. 2 shut down, followed by cutoff 

of engine No, 3 at 414.18 seconds. The flight program detected an S-IT 
outboard engine failure based on both an external discrete and an accel- 
eration test. Although the engine failures occurred in the same computa- 
tion cycte that the PMR shift was expected, the program properly identified 
the change in acceleration as an engine out. At this time two modifica- 
tions were made to the nominal S-II guidance equations: 


a. An artificial tau made was entered in which preset (versus measured) 
acceleration values were used as guidance inputs. Tau is a calculated 
IGM parameter representing time-to-go required to burn ali remaining 
vehicle mass at a constant mass flow rate. Tau is the product of 
average exhaust velocity (preset value) and the reciprocal af total 
acceleration, 


b. All parameters based on time of $-I] fuel depletion were adjusted to 
reflect the longer burn time expected on four engines. This modifica- 
tion resulted in a change of the time-to-go to S$-II stage cutoff 
from 101.0 seconds to 126.3 seconds. 


The second engine failure that occurred was not acted upon because a basic 
ground rule in designing flight program backup modes for hardware failures 
was to protect only against single engine failures. No logic was pro- 
vided to check for multiple engine failures through acceleration changes. 
Thus the guidance parameter adjustments which revised time-to-go for 

S-II stage cutoff underestimated the time by approximately 45 seconds. 
Vehicle guidance remained in the artificial tau mode until] Programmed 
Mixture Ratio (PMR) shift occurred at 490.8 seconds. At PMR shift, a second 
artificial tau mode was entered to smooth the transition to the lower 
thrust level. At termination of the second artificial tau mode (510.2 
seconds), due to quidance sensed PMR shift, the measured accelerations 
were lower than the artificial values used. Guidance commanded nose-up 
attitude in response to the lower acceleration. Seven and one-half 
seconds later, a chi freeze was properly initiated in preparation for 
S-I1/5-IVB staging. 
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Because of contro} considerations at S-II/S-I¥3 staging, the flight pro- 
cram normally freezes the guidance commands 5 seconds prior to S-II stage 
cutoff. For AS-502 the freeze period was entered as specified, but the 
actual remaining burn time exceeded the time-to-go, which resulted in a 
58 second period of constant attitude hold rather than the nominal 5 
secends. This constant vehicle attitude led to a buildup in radial veloc- 
ity which, in turn, caused an altitude overshoot. 


The perturbation duc to loss of two S-II engines had two effects on the 
vehicle performance: the reduced acceleration resulted in lower than 
nominal velocities, and the lengthened attitude freeze led to higher than 
tominal altitude. Thus at 28.2 seconds after initiation of guidance 

in the S-IYB stage, velocity was 172.1 m/s (564.6 ft/s) lower than 
nominal and altitude was 9.1 kilometers (29,850 ft} higher than nominal. 


The IGM flight program normally steers the S-I¥B stage to preset end 
conditions of radius and vector velocity optimally. Steering angles to 
achieve the vector velocity end conditions are added to steering angles 
ta satisfy the radius constraint in order to form the total commanded 
yehicle attitude. For AS-502, the highly perturbed state vector which 
resulted from the two S-II stage engine failures led to inconsistent 
steering angles to achieve velocity and radius end conditions. The 
composite of the two pitch steering angles is shown in Figure 10-5. Tois 
total commanded vehicle pitch attftude is not rate limited. The corre- 
sponding rate limited commands are presented later. As can be seen from 
Figure 10-5, the commanded attitude on AS-502 was a pitch down to reduce 
the radius. The radius was corrected, but a resultant negative radiat 
velocity was achieved. A nose-up pitch command was given ta compensate 
for the excess radial velocity. By 712.3 seconds, when terminal guidance 
mode was entered, pitch attitude had changed 46 degrees nose-up to 13 
degrees above the jacal horizontal. The sensitivity of IG to changes 

in acceleration increases as the desired terminal parameters are approached. 
A terminal guidance schewe (chi bar steering) is required which uses only 
the velocity constraints. Curing chi bar steering, altitude constraints 
are set to zero. 


With IGM calculations now constrained only to component velocity in the 
terminal guidance mode, a continued nose-up pitch was commanded to achieve 
the desired radial velocity. Chi commands increased +96 degrees until 
S-IVB stage cutoff. Vehicle pitch attitude was rate limited through the 
36-second duration of terminal guidance. S-IVB stage cutoff occurred 

with pitch attitude approximately 49 degrees above the local horizontal. 
S-IVB stage cutoff occurred 88.0] seconds later than the nominal predicted 
time and with total velocity 45.9 m/s (160 ft/s) greater than desired 
terminal velocity. 
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Figure 10-5. Composite Pitch Steering Angle (Not Rate Limited) 
Referenced to Local Horizontal 


Figure 10-6 is a plot of the radial velocity (aXy) te-be-gained versus 

the horizontal velocity (aZy) to-be-gained. The circle about the 

origin represents the cutoff loop which is entered when total velocity- 
to-be-gained falls below approximately 65 m/s (213 ft/s). Entry into 

the cutoff loop ‘s made only from calculations of component velocity- 
to-be-gained. Once in the loop, cutoff is effected as a function of 

the maqnitude of total velocity. The difference in the actual and 

nominal velocities-to-be-gained is a result of pitch down attitude 
commands ta correct altitude during the initial portion of S-IYB guidance. 
The pitch down attitude tended to increase the radial veloc{ty-to-be- 
gained rather than decrease it, This increase led to an inconsistency 

in the components of velacity-to-be-gained, and, as a result, both 

could not be driven to zero simultaneously. The radical attitude changes 
near S-IVB cutoff finaly reduced the velocities-to-be-gained sufficiently 
ta cause entry into the cutoff loop. 
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Figure 10-6. Actual and Nominal Velocities-to-be-Gained 


On entering the cutoff loop, the AS-502 total velocity was in excess of 
the desired value of 7790.9 m/s (25,560.7 ft/s), and cutoff signal was 
immediately given at 747.94 seconds with an overspeed of 48.9 m/s (160 
ft/s). This overspeed did not represent an error in the guidance program 
operation but merely reflected the radial velocity-to-be-gained constraint 
which had to be satisfied before entry into the high speed cutoff ioop. 


All commanded attitude outputs were rated limited to 1.0 deg/s. This 
limit serves to make the vehicle less responsive to program attitude 
commands. Table 10-3 gfves the times the commands were rate limited. 
Note that they were limited for about two-thirds of the S-IVB active 
guidance, 


Table 10-4 summarizes the start and stop tines of the modes used to com- 
pute guidance commands. Note that from the $-Il-engines-out until S-1V8 
cutoff, the guidance was either in an artificial tau mode, rate limited, or 
frozen for all but 62 seconds. 


Commanded attitude angles (rate limited) during the boost phase of flight 
are summarized in Figure 10-7, Both actual and commanded attitude (rate 
limited) angles during S-IC burn, S-II burn, and S-I¥B first burr are 
shown on expanded scales in Section 11. 
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Table 10-3. Rate Limited Steering Conmand Times 





Table 10-4. Start and Stop Guidance Commands 


IGM PHASES ARTIFICIAL TAU | CHI BAR CHI FREEZE 
(SEC) (SEC) ae (SEC) 
SEC 


START STOP STOP START STOP | START STOP 


First 191,0 415.4 490.8 
1GM 


Second 490.8 517? 510.2 517.7 582.9 
IGM 


Third 584.8 747.0 . 594.3] 712.3 746.4 | 746.4 762.3 
16M 


Fourth | 11628.4 11630,3 
EGH 








IU conmands were properly executed for S-I¥B restart but toe engine did 

not reignite. The flight program immediately initiated T7 through negative 
results from the acceleration test as programmed. The first event scheduled 
in T7 was a cutoff command to the $-IVB stage; this was executed. & simu- 
lation using actual AS-502 flight data and @ nominal S-I¥B second burn 
thrust revealed that an acceptable waiting orbit could have been achieved 
from the perturbed parking orbit had the $-IVB engine reignited. 


10.4.3 Orbital Guidance 


All orbital guidance and sequencing functions were performed correctly. 

The vehicle response to the guidance commands in Tz was sluggish because of 
the inertial characteristics of the vehicle resulting from no second burn 
of the S-I¥B stage and early separation of the spacecraft on ground command. 
The predicted attitude timeline for the AS-502 flight is shown in Figure 
10-8, Comparison of parking orbit attitude commands shown in Section 11 
with the attitude timeline yields good agreement. 
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YW PARKING ORBIT INSERTION, 669 (PREDICTED) 

WY INITIATE 180° ROLL TO PLACE POSITION III DOWN (T, + 90), 749 (PREDICTED) 
W INITIATE 20° PITCH DOWN MANEUVER (T. + 2460), 3119 (PREDICTED) 

W INITIATE 20° PITCH UP MANEUVER (Ts. + 4680), 5339 (PREDICTED) 

W INITIATE 80° ROLL TG PLACE POSITION I DOWN (T. + 5040), 5699 {PREDICTED} 
W] INITIATE RESTART SEQUENCE AND START OF Tg, 11,076 (PREDICTED) 

YW INITIATE MANEVYER TO SEPARATION ATTITUDE {T, + 20), 11,478 (PREDICTED) 
WJ LY-LTA/CSM PHYSICAL SEPARATION, 11,908 (PREDICTED) 


W INITIATE MANEUVER TO POST SEPARATION INERTIAL ATTITUDE (1; + 600), 12,328 
{PREOICTED) 














COMMANDED INERTIAL ATTITUDE, daq 








— PITCH 
----ROLL 
— oo YAN 
-240 
o 2000 4000 6000 B000 70000 12p00 14p00 
¥ RANGE TIME, SECONDS vy 
0 1:00:00 2:00:00 3:00:00 3:53:20 


RANGE TIME, HOURS :MINUTES : SECONDS 


Figure 10-8, Attitude Timeline - Liftoff to Spacecraft 
Separation 
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Vehicle control was exercised until 22,112.4 seconds, at which time 
attitude reference was lost. Partial control was Tost at 21,953 seconds 
due to loss of fuel in the APS module at position I. The opening of 

the LOX vent valve at 22,023 seconds produced a thrust which overcame 

the remaining thrust capability of the APS module at position III, 

Loss of fuel in the APS module at position III occurred at 22,602 seconds. 


the miner laop performed as expected during flight. The rate at which 
the yaw gimbal changed when the APS ran out of fuel was insufficient to 
cause the program to switch to backups or set the guidance fatiure 
discrete. 


10.4.4 Orbital Routines 


The TEP routines performed as expected. This was proven by the real 
time and compressed data telemetry which has been reduced. No problems 
were found with the LYDC self-test ar in CIU processing. Ail DCS 
commands received by the flight program were processed correctly. 


10.4,5 Event Sequencing 


Al? program sequencing was proper. All switch selectors were issued in 
tolerance. The Environmental Control System loqic monitored the thermal 
switches and opened and closed the control valve properly. 


10.5 GUIDANCE SYSTEM COMPOKENT EVALUATION 
10.6.1 LYDC Performance 


Data analysis indicated the LVOC performed as predicted for the AS-502 
mission. fo valid error monitor words and no self-test error data have 
been observed that indicate any deviation from correct operation. 


10.5.2 LYDA Performance 


The LYDA performed satisfactorily for the AS-502 mission. With the 
exception of the error monitor word related to the interrupt processor 
no deviations from correct operation have been found. Two error monitor 
worcs were observed which indicated apparent disagreements in the 
Triple Modular Redundant (THR) Orbital Check Ready (OCR) latch. One 
disagreement occurred within 0 to 30 seconds prior to 8618.2 seconds 
and the other at approximately 9218 seconds. For each OCR latch 
disagreement a TMR Interrupt Control (INTC) error monitor word indi- 
cation might also be expected. However, the flight program inhibits 
the OCR interrupt and processes it on a cyclic basis. Since the OCR 
interrupt is inhibited, no disagreement between logic channels can 

be sent to the INTC latch. The apparent disagreement in the OCR latch 
was attributed to a difference between rise delay times for the TMR 
interrupt input logic channels. Two error monitor words were observed 
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in compressed data which indicated apparent disacreerents in the INTC 
latch, These disagreements occurred within 0 to 30 seconds prior to 
14,984.7 and 15,044,7 seconds. 


The real time and interrupt countdown processers performed satisfactorily. 
10,5.3 Ladder Outputs 


The ladder networks and converter amplifiers performed satisfactorily. 
No data have been observed that indicate an out-of-tolerance condition 
between channel A and the reference channel converter-ampli fiers. 


10.5.4 Telemetry Outputs 


Analysis of the available analog telemetry buffer and flight control 
computer attitude error plots indicated symmetry between the buffer 
outputs and the ladder outputs. The analysis of the available LYDC 
power supply plats indicated satisfactory performance of the power 
supply telemetry buffers. 


30.5,5 Discrete Outputs 


No valid discrete output register words (TAGS 043 and 052) were observed 
to Indicate guidance or simultaneous memory failure. 


10.5.6 Switch Selector Functions 


Switch selector data indicate that the LVDA switch selector functions 
were performed satisfactorily, No error monitor words were observed 

that indicate disagreement in the TMR switch selector register positions 
or in the switch selector feedback circuits. No mode code 24 words or 
switch selector feedback words were observed that indicated a switch 
selector feedback was in error. In addition, no indications were 
observed to suggest tnat the B channel input gates to the switch selector 
register positions were selected. 


10.5.7 ST-124M-3 Inertial Platform Performance 


The inertial platform system performed as expacted with the only davi- 
ation being in the gasbearing supply system. This deviation is 
described in Section 18.5. 


The X, Y, and Z accelerometer servo loops maintained the accelerometer 
float within the measuring head stops (+6 degrees) throughout liftoff 
and MAX Q (see Figure 10-9), The accelerometer encoder outputs indicated 
that the accelerometers measured the vehicle acceleration properly. 


The X, Y, and Z gyro servo loops for the stable element functioned as 


designed. At no time during liftoff and MAX Q were the operational 
limits reached, There were several perturbations observed in the servo 
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Accelerometer Pickup Signals During Liftoff 


Figure 10-9. 


gyro loops which cannot be fully explained at this time; however, the 
servo loops responded to these perturbations in the proper manner and 
maintained the stable reference. Periodic ‘evel changes in the servo 
signals are attributed to servo loop deadband lim*t cycling associated 
with vehicle attitude changes. 


The fine backup gimbal angle resolver output indicated nominal 
performance . 


Tnere were no vibration-induced malfunctions of the ST-124M-3 Inertial 
Platform on AS-502, The effects of vibration on the gyro and accelerometer 
servo output signals are illustrated by the graphs of maximum voltage 
variations shown in Figure 10-19. These voltages were sufficient to 
maintain inertial reference and prevent a vibration-induced malfunction 

of any accelerometer or gyro. This figure also illustrates the large 
vibration experienced at 133.3 seconds. 


Available data indicate that the ST-124M-3 composite vibration levels 
at liftoff on AS-502 were very near those of AS-501 on the inertial 
gimbal, However, the structural vibration was lower on AS-502. The 
vibrations at Mach 1 and MAX Q were higher on AS-502. The composite 
levels of the inertial gimbal vibrations are shown in Figure 9-34 in 
Section 9. The vibration experienced at 133.3 seconds is not shown 
due to its short duration. 
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Figure 10-10. Envelope of Maximum Deviations of the Gyro and 
Accelerometer Servo Amplifier Outputs 
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SECTION 11 
CONTROL SYSTEM 


11,1 SUMMARY 


The AS-502 Flight Control Computer (FCC}, Thrust Yector Control (TVC}, and 
Auxiliary Propulston System (APS) satisfied a1} requirements for attitude 
control and stability of bending and propellant slosh modes in both the 
boost and orbital coast modes of operation. During liftoff, all vehicle 
clearance requirements were met satisfactorily with less than 20 percent 
of the clearance margins being required. The programmed 1,25 degrees yaw 
maneuver to provide adequate tower clearance and the 18 deqrees rol] 
maneuver to the 72 deqree flight azimuth were satisfactorily initiated 
and executed. 


The wind-biased pitch tilt program was satisfactorily initiated and 
executed. The control system was required to correct for a steady-state 
roll attitude error of approximately -0.5 degree through first stage boost. 
This roll torque was not observed on AS-501, as the attitude error was 
essentially null after about 60 seconds. 


S-IC/S-If separation was satisfactorily accomplished, as was second plane 
sevaration. Control system performance was consistent with events which 
occurred during S-II boost. The performance shift of engine No. 2 at 

319 seconds was evidenced in the TYC as well as in the FCC parameters. 
However, this nerformance shift caused no contro] probleris and resulted 
only in a new steady-state trim condition, 


The Steering Misalignment Correction (SMC) was initiated at 212.0 seconds. 
The performance shift at 319 seconds had a negligible effect on SMC, and 
the maximum SMC's in pitch and yaw prior to engines No. 2 and 3 shutdown 
were -0,7 and 0.2 degree in pitch and yaw, respectively. The FCC and TYC 
responded satisfactorily to the perturbations caused by the shutdown of 
engines No. 2 and 3 at 412,92 and 414.18 seconds, respectively. This 
shutdown resulted primarily in a large pitch plane disturbance during 
which the pitch rate built up to a maximum of 2.8 deg/s (nose-up) and the 
pitch attitude error reached a maximum of 13.4 degrees. A maximum engine 
deflection of 5.95 degrees was required to stabilize the attitude 
excursions. The maximum SMC's required at this time to compensate for 
the thrust vector misalignment were -13.2 degrees in pitch and -0.6 degree 
in yaw. Tha nose-up trim condition resulted in a 7.4 degree pitch 
attitude error at separation, 


At S-IT/S-IVB separation, the guidance computer switched to the $-IVB 
coast mode for 0.3 second. The 7.4 degrees pitch attitude error cased 

@ full-on APS pitch-engine firing of 0.3 second duration to correct the 
attitude. At Q.3 second after separation, the guidance computer switched 
to the S-I¥B burn mode. The pitch attitude error was trimmed out by the 
TvC after S-I¥B stage J-2 engine ignition. Control system performarce 
was nominat for the renlainder of S-IVE first burn. 


Orhital atcitude control requirements required considerably more APS 
activity than anticipated. The APS system was required to overcome a 
50 degrees nose-up fror: loca’ horizontal attitude and a 1 ceg/s rose-up 
angular rate to align the vehicle along the loca? horizontal. ‘ire vehicle 
was subsequently exercised through a sequence of four maneuvers as 
follows: 180 degrees roll, 20 degrees pitch down, 20 degrees pitch up, 
and 180 degrees roll. The pitch and roll maneuvers were planned to 
produce information on the S-IVB restart bottle repressurization and 
propellant slosh excitation while qualifying these maneuvers for 

manned ftight. Each maneuver was executed as planned. LHe sloshing 
was not appreciable during any of the maneuvers. Significant LOX 
slashing existed at the initiation of each pitch maneuver; hawever, 

the initial amplitude was not sustained due to high damping, 


An auxiliary hydraulic pump failure prevented the S-1¥B stage J-2 engine 
from being centered at the time of S-IVB Engine Start Command (ESC). The 
engine position at ESC was approximately 1.5 degrees in pitch and -2.3 
degrees in yaw. Appreciable attitude errors resulted from this engine 
position during restart attempt; however, vehicle control was maintained 
by the APS syster: following the switch from thrust vector to coast mode 
control, 


Subsequent to spacecraft separation {Section 12) the APS system maintained 
control until module ! fuel depletion at approximately 271,$53 seconds. 
Yehicle attitude rates began to build up significantly following module III 
fuel depletion (22,602 seconds) and continued to increase as tndfcated hy 
reduced radar data unt? a tumble rate of 180 deg/s was recorded by the 
ninth day following launch. 


11,2 CONTROL SYSTEM DESCRIPTION 


Figure 10-1 (Section 10) shows the interconnection ard signal flow paths 
of the contro] components as they relate to the guidance ccmpenents. 


Vehicle attitude correction is accomplished in accorcance with the require- 
ments of the guidance system through attitude error signals. These signals 
are generated hy the Launch Yehicle Digital Computer (LYOC) and Launch 
Vehicle Data Adapter {LVDA). During S-IC stage burn, attitude steering 
commands are the result of the preprogrammed yaw and roll maneuvers and 

the time tilt pitch program. At the initiation of Iterative Guidance 

Mode (16M), attitude steering commands become the result of guidance 

system computations, 


Angular rate inputs are present when the contra] system has responded to 
attitude error commands or forces acting on the vehicle. Commanded yehicle 
attitude changes during powered flight are limited to rates of 1 deg/s or 
Yess, depending upon requirements of the guidance system. 


Control system outputs are valve currents (Iy) ta first, second, and third 
stage engine actuatars and relay currents ta the APS. 


The vehicle engine, actuator, and nozzle arrangements and axts definitions 
are shown in Figure 11-1. 


The AS-502 Flight Control Computer, which is essentially identical to the 
AS-501 FCC, is an analog computer which generates the proper commands for 
the S-IC, S-IT, and S~I¥B stage engine actuators and S-IVB stage APS. In 
generating the engine commands, the FCC processes and combines attitude 
error signals from the LVDA and angular velocity signals from the Control- 
EDS Rate Gyros/Contro] Signal Processor {CSP}. Two inaut channets accept 
the control signals. fach channel amplifies, scales, and filters its 
respective signal according to a predetermined time-variable set of gain 
factors. 


The FCC also provides S-IVB stage attitude control commands to the APS. 
This control is provided to the roll axis during 5-1V¥3 stage burn and to 
all three control axes during coast. 


The Control-EDS Rate Gyros/CSP used on AS-502 were essentially identical 
to those used on 48-501. The Control-EOS Rate Gyros/CSP combination 
provides angular vetocity signals to the FCC for dynamic feedback. The 
Control-EDS Rate Gyros contain nine rate gyros, three in each axis. 


11.3 S-1C CONTROL SYSTEM EVALUATION 


The AS-502 control system performed satisfactorily during S-IC powered 
flight with mast parameters near oredicted. The 1.25 degree yaw bias 
tower clearance maneuver was executed as planned and resulted in adequate 
tower clearance. 


Vehicle liftoff acceleration was greater than that of AS-501. Simulation 
with measured stow release forces and thrust verified this result. Ac- 
celeration was greater than AS-501 because 12 lubricated slow release rods 
were used instead of 16 non-lubricated rods. Less than 20 percent of the 
available clearances were used during liftoff. 


The vehicle performed within flight dynamic constraints throughout flight. 
In the region of high dynamic pressure, pitch angle-of-attack peaked at 

3.1 degrees, and pitch engine deflection peaked at 0.47 degree. Absence 

of any divergent bending or sloshing frequencies in vehicle motion indicates 
that the bending and sTosh dynamics were adequately stabilized. The 

control system sufficiently rejected two prominent disturbances near the 

end of S-IC flight: the 5.3 hertz Tongitudinal osciltation that coupled 
into pitch (see Section 9.2.3.1), and the transient at approximately 
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133 seconds (see Section 94). Vehicle dynamics pricr to S-IC/S-II first 
plane separation were well within reouired levels, 


11.3.1 Liftoff Clearances 


Positive clearance existed between the vehicle and the mobile iauncher 
structure, as show. in Table 11-1. Vehicle clearances were at least 

80 percent of those available. Positive clearances resulted from a 
favorable combination of vehicle-system misaltgnrents. The ground wind 
direction was 132 cegrees east cf narth, and the magnitude was approxi- 
mately 53 percent of the design wind. The launch ground wind #s compared 
with the design grourd wind in Figure 11-2. The launch ground wind had 

a steacy state magnitude of 7.5 m/s (24.6 ft/s) at the 18.3 meters {60 ft) 
level, anc 12,5 m/s (41.0 ft/s) at the top of the Taunch tower, The com- 
bination of offset center of gravity, thrust imbalance, and thrust mis- 
alignment in yaw cancelled the yaw moment from inboard engine cant. 

Table 11-2 compares the vehicle misalignments measured during flight with 
preflicht measurements. 


Lifteff vertical motion and soft release forces are shown in Fiqure 11-3, 
Liftoff accelerations were greater than predicted. The slow release 
forces reduced from continuous analog recorder measurement provide an 
excellent match between simulated vertical motion and the vertical motion 
observed by the liftoff cameras. The AS-502 vertical rise was about 0.5 
seccnd faster than the AS-501 because the AS-502 had 12 lubricated slow 
release rods as compared to 16 non-lubricated rods on the AS-501. Figure 
11-4 shows that the actua? (photographed) trajectory of the S-IC thrust 


Table 11-1. Summary of Liftoff Clearances 


POTENTIAL IMTERFEREMCE AVAILABLE | PREDICTED MIN ACTUAL 
CLEARANCE CLEARANCE 
VEHICLE GROUND £QMTPMENT tatin.} emtin.} . 
7.54 4.32 
(2.97) (1.7) 
Thmet Structure Holddown Post Hood 24.13 10.16 
(4.5) (4.0) 


Thrust Structure Liftof? Switches Variable = 
Insulation 


Engine Gell Holddown Post N11 38.10 
($6.5) (18,0) 
Service Modula ‘SM Swing Amn Vartable 101.6 
(49.0) 
S=(¥8 Stage S-1¥B Forward Swing vartable 101.6 
Amn (40.0) 

S-IUsS-1¥B loterstage S=1¥B Aft Swing Arm Yariable it 
«Dy 

S-I1 Stage S+I1 Forward Swing Arm Yariable te) 
46.9 
SeIT Stage S-L1 Intermedfate Swing Variable 116,84 
Am (46.9) 


Fin Tip ‘Swing Arm 842.79 449.58 7OT,04 
(339,68) 4177.9) (276.0) 


Thrust Structure Holddown Pose 
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Table 13-2. AS-502 Misalignment Summary 







PARAMETER 





Thrys¢ Misalfgnment, dec 







Inboard Engine Cant, dec 
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deg/eng 
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Misalignirent, deg 


















Peak Saft Release Forte 


348,000 (76,200)1 
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structure (position I) was almost vertical, with a maximum lateral drift 
of less than 20 centimeters (7.9 in.) after 150 centimeters (59 in.} 
vertical rise. The simulated data also shown compare favorably with 
the camera data. 


Figure 11-4 also presents the clearance between engine bell 4 and the 
holddown post at position I and shows that the simulated vertica™ motion 
of the bel} is almost a duplicate of the actual motion. The motion 
picture camera monitoring Ground Support Equipment (GSE} operation con- 
firmed that the horizontal motion of engine bell 4 was less than 15 
centimeters (5.9 in.} after 600 centimeters (236 in.) vertical rise, 


Figure 11-5 shows that the combination of the yaw bias and wind blowing 
toward the tower resulted in a clearance of 10.0 meters (32.8 ft} between 
$-1C fin tip A and the too of the tower. Flight data were taken from a 
tower camera located 426.7 meters (1400 ft) due east of the mobile 
launcher. 


Center engine translation and the exhaust plume angles “or each of the 
five S-IC engines during the first 220 meters (722 ft) of vertical 
flight are shown in Figure 11-6. Center engine translation was a 
maximum of 7 meters (23 ft) south and 1 meter (3.3 f+) west. Maximum 
deviations of the plume were 1.5 degrees north and 0,6 degree east for 
engines No. 3 through 4 and 1 degree north and 0.7 degree west for 
engine No. 5. The exhaust plume angle is the angle between the exhaust 
plume of an engine and the vertical, taken at the engine gimbal point. 
For both translation and plume angle, positive motion is considered to 
occur toward the north and the east. 


11.3.2 $-I¢ Flight Dynamics 


Table 11-3 lists maximum control parameters during S-IC burn. Dynamics 
in the region between liftoff and 30 seconds occurred primarily from the 
yaw bias maneuver, the start of the pitch tilt and roll maneuver, and 
the end of the roll maneuyer, As shown in Figure 11-7, during this time 
span, maximum pitch attitude error of 1.07 degrees and engine position 
of 0.52 degree occurred at 13.3 seconds and 12,9 seconds, respectively, 
The maximum yaw attitude error of -1.28 degrees and engine position of 
-0.49 degree occurred at 3.5 and 3.2 seconds, as shown in Figure 11-8, 
These were the largest yaw dynamics encountered during S-IC flight. 
Figure 11-9 shows the maximum roll dynamics during S-IC flight were -1.37 
degrees attitude error at 13,0 seconds and 1.44 deg/s attitude rate at 
13.4 seconds, Dynamics in this region occurred as predicted. 


In the region between 30 seconds and 140 seconds, maximum dynamics were 
caused by the pitch tilt program, differences between the wind-bias wind 
and actual wind magnitude, and wind shears. Figure 11-7 shows that 
maximum pitch dynamics were 1.14 degrees attitude error at 70.5 seconds, 
-1,03 deg/s attitude rate at 60.2 seconds, and 0.47 dearee engine 

position at 70.9 seconds. The maximum pitch angle-o*-attack of 3.1 degrees 
occurred at 51.7 seconds, the time of maximum difference between the wind- 
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Table 11-3. Maximum Control Paramaters During S-IC Burn 
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Figure 11-7, Pitch Plane Dynamics During S-IC Burn 
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Figure 11-8. Yaw Plane Dynamics During $-IC Burn 
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Figure t1-9. Roll Plane Dynamics During S-IC Burn 
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bias wind and actual wind. Yaw dynamics during this region were caused 

by the wind. The maximum yaw plane component of anglc-of~attack shown 

in Figure 11-10 was 1,6 degrees at 84.5 seconds, the time of maximum yaw 
wind, Figure 11-11 shows winds encountered during flight as given by 
JIMSPHERE and Q-Ball reduced data. Q-Ball reduced winds were determined 
using Q-Ball angles-of-attack in pitch and yaw, Observed Mass Point 
Trajectory {OMPT) data, and vehicle characteristics data. Maximum pitch 
winds in the high dynamic pressure region were 26.8 m/s (87.9 ft/s} at 
77,8 seconds from JIMSPIICRE data as compared to 20.2 m/s {66.3 ft/s) at 
77.8 seconds from Q-Ball reduced data. Yaw winds were 12.9 m/s {42,3 ft/s} 
at 84.3 seconds from JIMSPHERE data as compared to 13.5 m/s (44,3 ft/s) 

at 84,5 seconds from Q-Ball reduced data. It is necessary to introduce 

a time varying roll moment into the simulation to match the flight data. 
The rol] moment would have to reach a value of 228,000 N-m (168,200 1bf-ft} 
at S-IC Outboard Engine Cutoff (QECO). 


Significant longitudinal oscillations occurred during the latter part of 
S-IC flight. These oscillations were coupled into the pitch, yaw, and 
roll planes. The largest coupling occurred in the pitch plane, as 
evidenced by the pitch accelerometer and pitch rate gyro outputs. Fre- 
quency spectrum analyses of pitch ratc, command to the actuator, and 
actuator position indicate that the 5.3 hertz oscillation was present in 
the rate gyro signal but was absent from the conmand to the actuator. 
Control system attenuation of 32.4 decibels at this frequency effectively 
reduced the signal sent to the actuator magnetic amplifiers. The smal] 
response of the engine position at the 5.3 hertz frequency was duc to 
direct vibration of the actuator by the engines. Maximum vibration of 
the actuator was 0.0085 degree peak-to-peak. 


& transient occurred in dynamics at approximately 133 seconds as dis- 
cussed in Section 9A. Oscillogram traces shown in Figures 11-12 and 
11-13 show the effect on the control system. The transient was observed 
in pitch and yaw IU accelerations and rates but not in the nitch and yaw 
engine positions. The transient was not obvious in pitch acceleration 
and rate measured in the S-IC stage. 


The transient due ta Inboard Engine Cutoff (1ECO) was used to determine 
the inbeard engine cant of -0.35 degree in pitch and -0.26 degree fn yaw. 
Other misalfanments were thrust vector angles required to match flight 
data. The equivalent thrust vector misalignments were 0.0 degree in 
pitch, 0.17 degree in yaw, and 0.093 degree in roll, Table 11-2 
sLmmarizes AS-502 misalignments. 


Dynamics from 14C seconds to separation ware caused by tilt arrest and 
IECO. Table 11-4 lists S-IC dynamic end conditions. 


Observed ard predicted slosh frequencies are shown in Figure 11-14. 
Predicted slosh freauerciés are system modes associated with slosh in the 
closed loop control system. Because the tanks are coupled through the 
vehicle and control system, it is difficult to associate them with a 
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Figure 11-13. Oscillograms of Engine Position and S-IC Sensors 
During S-IC Transient 
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* 
Table 11-4. $-1C€ Dynamic End Conditions 
PARAMETER UNITS PITCH 
Attitude Error 
Attitude Rate 


Average Actuator 
Position 





* Conditions at separation command, 149.08 seconds, 


particular tank. An attempt was made to do this, and sc they are labeled 
"coupted". They are different from the individual tank frequencies which 
should not be present during flight. Presence of other modes was detected 
in the tanks, as was expected, These were bending and control system: 
modes. Predicted curves for these are also shown where required. 


Propellant slosh amplitudes in the S-I¢ tanks are shown in Figure 13-15, 
Measured peak-to-peak amplitudes were derived from opposing pairs of 
liquid level probes in the pitch and yaw planes. Simulated data shown 

as a comparison were derived using first mode slosh models in the pitch 
and yaw planes. The figure shows the oscillating slash wave peak-to-peak 
magnitudes in addition to low frequency effects due to non-zero lateral 
accelerations during flight. Maximum peak-to-peak stash amplitudes in 
the fuel tank were -0.3 meter {-0.98 ft) in pitch at 65 seconds and 0.25 
meter (0,82 ft) in yaw at 2.5 seconds. $-+IC LOX peak-to-peak amplitudes 
reached -0.3 meter (-0.98 ft) in pitch at 72 seconds and 0.15 meter 

{0.49 ft} in yaw at 19, 28, and 85 seconds. Simulated data for the S-IC 
tanks showed close agreement in phasing but measured sTosh amplitudes 
were larger, which may indicate tess slosh damping than predicted. 

Figure 11-16 shows propellant slosh in the S-II and S-IVB tanks. Ampli- 
tudes shown for the S-If slosh give only the oscillating $losh wave 
peak-to-peak amplitudes. Static, or low frequency osci}lations, have 
heen removed from the data. Only $-IVB8 LH2 stosh data are available. 
There was poor agreement between measured ard simulated slash amplitudes 
im the S-IT LOX and S-IVB LHe tanks. Because the $-IT LOX probe was 
located very near the center of the tank, it was difficult to correlate 
measured and simulated data using only first mode simulation data, 
Maximum peak-to-peak amplitudes in the plane of the Fropellant Utilization 
(PU) probes were 2.7 degrees at 90 seconds for the S-II LOX tank and 

1.4 degrees at $5 seconds for the S-1]1 LH2 tank. Maximum S-I¥B LH2 stosh 
was 0.084 meter (3.30 in.} peak-to-peak at 85 seconds, There was no 
evidence of unstable buildup. 


Peak-to-peak engine response to propellant slosh is shown in Figure 11-17. 


The response was derived by passing measured and simulated engine deflec- 
tion time histories through bandpass filters, retrieving only slosh 
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RANGE TIME, SECONDS 


RANGE TIME. SECONDS 


S-If Propellant Slosh Amplitudes at the Wall During S-IC Burn 


Figure 11-15. 
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frequency components. Since frequencies of significant slosh modes lay 
within a relatively narrow band, the engine responses shown were due to 
all tanks collectively. Maximum pitch engine resnonse to slos4 was 
-0.12 degree at 13 secorids. Maximum yaw engine response to slosh was 
0.1 degree at 11 seconds. The disagreement between measured and 
simulated engine response to slosh shown on Figure 11-17 tends to 
support the indication of smaller slosh damping than predicted. The 
small actuator activity at slosh frequencies other than at the time of 
known disturbances confirmed that slosh was adequately stabilized. 


Peak-to-peak engine response to first bending made was determined by 
passing measured and simulated engine deflection time histories through 
bandpass filters, retrieving only bending frequency components. Maximum 
response to first bending was 0.026 degree at & seconds in pitch and 
0.02 degree at 90 seconds in yaw. Results indicate that bending dynamics 
were adequately stabilized throughout flight. 


11.4 S-IT CONTROL SYSTEM EVALUATION 


The S-II stage attitude control system performance was satisfactory. 
Analysis of the magnitude of modal components in engine deflections 
revealed that vehicle structural bending and propellant sloshing had 
negligible effect on control system performance prior to cutoff of 
engines No. 2 and 3, The maximum values of control parameters occurred 
in response to shutdown of engines No. 2 and 3. The shutdown of engines 
No. 2 and 3 caused attitude errors of 13.4 degrees in pitch, 2.7 degrees 
ir yaw, and 4.2 degrees in roll. Attitude rates for pitch, yaw, and 
roll were 2.8 deg/s, -C.& deg/s, and -2.2 deg/s, respectively. The 
response at other times (such as S-IC/S-II separatian and initiation of 
IGM guidance) were within expectations. 


11.4.1 Attitude Control Dynamics and Stability 


Attitude control commands were computed in the minor loop section of the 
LYDC. For 42 seconds following S-IC OECO these commands were held 
constant. Significant events occurring during thet interval were S-IC/S-11 
separation, S-I1 stage J-2 engine start, second plane separation, and 
Launch Escape Tower (LET) jettison. The attitude control dynamics 
throughout this interval indicated stable operation (see Figures 11-18 
through 11-20] Simulated data shown for comparison in these figures 
generally leads actual data by about 2.6 seconds because of 4 2-second 
bias in telemetry data used as input commands to the simulation and a 
0.6-second bias in the actua? data. The maximum contre] excursions 
occurred in the rol] axis following S-IC/S-I1 separation when 2.0 deg/s 
attitude rate and -2.3 degrees attitude error occurred, as shown in 

Table 11-5. Steady state attitudes were achieved within 10 seconds from 
S-IC/S-II separation. The principal attitude error of approximately 

0,5 degree for the roll axis was maintained until cutoff of engines No. 

2 and 3, Absence of roll rate during this time indicates a combina‘ion 
of center of gravity offsets and thrust or engine misalignments producing 
a constant roll torque. Similar roll offsets existed during AS-501 S-IT 
stage flight. 
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Figure 11-20. Roll Plane Dynamics During $-11 Burn 
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Table 11-5. Maximum Control Parameters During S-II Burn 


“ST PRASE 
S-IC/S-1! no. 2&3] TERMINATE 2xD | $-I1 
PARAMETER SEPARATION | 1y1tGheroy | ENG FAIL| ARTIFICIAL TAU | CUTOFF 


Pitch Plane 


Attitude Error, 
deg 


Body Rate, deg/s 


Average Gimbal 
Angle, deg 





Stosh Conipenent 
of fyerace Gimbal 
Angle, deg 


Yaw Plane 


Attitude Error, 
deg 

Body Rate, deg/s 
Average Gimbal 
Angle, deg 


Stosh Coniponent 
af Average Gimbal 
Angle, deg 





Roll Piane 


Attitude Frror, 
deg 


Body Rate, deg/s 


Average Gimbal 
Angle, deg 














IGM was initiated at 190.95 seconds, and the flight control] computer 
received thrust vector contro] commands to pitch the vehicte up. 
Following IGM initiation, a -1.9 degrees pitch attitude error, 1.0 deg/s 
pitch rate, and 0,9 degree pitch gimbal deflection occurred, These 
responses were similar to those obtained during AS-501 flight. The 
effects of steering misalignment corrections (initiated at 212.0 seconds} 
and flight control gain switch point 3 had no noticeable effect upon 
attitude control performance. The thrust reduction on engine No. 2 at 
319 seconds (see Section 6.3) had a minor effect on attitude control, 
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Subsequent to a drop im thrust in engine No. 2 a diserete signal was 
received by the IU from the S-I1 stage that indicated thrust not OK on 
at least one engine, During successive LYDC computation cycles, ace 
celeratton decrease due to cutoff of engines No, 2 and 3 wes confirmed. 
This confirmation and the external discrete caused the guidance system 
to enter an engine-fai‘ure-mode artificial tau, The principal dynamics 
following cutoff of engines No. 2 and 3 occurred in the pitch axis and 
were attributable to a pitch disturbance moment whick acted on the 
vehicle as a result of the two engines out, The pitch rate built up ta 
a maximum of 2.8 deg/s before the control] engires could be repositioned 
to counteract this moment. 


Pitch axis control was stabilized within 1¢ seconds from time of the 
engine cutoff. The pitch attitude error reached a maxtmum of 13,4 degrees 
and remained above 6 degrees until final engine cutoff prior to S-11/5-IVB 
separation. This attitude error was reouired by the contro] system in 
order to keep the control engines positioned ta counteract the effects of 
engines No. 2 and 3 beina inoperative. With only two outboard engines 
{engines No. 1 and 4} operating, the yaw and rol? axes control systens 
interacted, A domtnant mode with a period of 20 seconds and damping 
factor of 0.1 was apparent in their responses following the shutdown of 
engines Ne. 2 and 3 


The effects of terminating the second artificial tau mode at 510.2 seconds 
were most apparent. in the pitch axis when a 1 deg/s pitch-up response 

rate occurred. This was a consequence af the change in command angle at 
this time, Seven seconds later 2 cai-freeze mode was entered, After 

this time the vehicle rates ware reduced to Tess than 0.2 deg/s for the 
renaining 40 seconds of the $-11 stage flight. At S-II stage engine 
cutoff (prior to $-IVB separation), the vehicle attitude crrors fexcent 
pitch), and attitude rates were at or near null, 


Steering Misalignment Correction mode became operative at 212.0 seconds, 
as shown in Figure 11-21. Its hrincipal effect upon the control system 
was to introduce a low frequency mode {approxinate’y 0.05 hertz) below 

the rigid body control mode {approximately 0.11 hertz}. During steady 
state attitude control operation the magnitude of SMC is a measure of thrust 
misatignment and center of gravity offsets. Following cutoff of engines 
No. 2 and 3 the SMC angles increased to a maximum of -0.65 and -13 degrees 
for the yaw and pitch axes, respectively. The low frequency mode present 
in the yaw and roll axes vehicle responses shown in Fiaures 11-19 anc 
11-20 is also apparent ‘n the SMC yaw command angle corrections shewn in 
Figure 11-21, 


At 319 seconds a load increase of 32,000 Newtons (700C lbf}) appeared on 
both the pitch and yaw actuators of encine Nc. 2 (see Section 8,3}. This 
was precisely the time engine No. 2 chamber pressure dropped, signifying 
a reduction of thrust in the engine cf 33,806 Newtons (7600 lbf). (See 
Section 6.3.) Figure 11-22 shows the load pressures, jnnut command 
currents, and the actuator positions for the pitch and yaw actuators of 
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engine No. 2, These data show the reactions of these actuators to the 
loads, The engine No. 2 pitch actuator retracted a maximum of about 0.12 
degree and'the engine No. 2 yaw actuator retracted a maximum of about 

0.2 degree. The actuators retracted with no input command because of 
applied compressian loads. A nozzle side load generated during a test 
‘firing with a hole in the thrust chamber nozzle resuiting from an ASI 

fuel line failure (reference MSFC memo R-P&VE-PA-68-M-367) very closely 
simulated the 414 N/cm2 (600 psi}: change in differential pressure measured 
on both pitch and yaw actuators. A moment of 16,380 N-m (145,000 Ibf-in.) 
was measured on the test firing, compared to 14,970 N-m (132,500 Ibf-in.) 
on the S-II engine. Yehicle control parameters confirn that a side load, 
as indicated from the test, was in evidence subsequent to the $-II 

engine performance shift at 319 seconds. 


After cutoff of S-II eng*ne No. 2, the yaw actuator no longer responded 
to commands (reference Section 8, Figure 8-5), 


11.4.2 Liquid Propelt’ant Dynamics and Their Effects on Flight Contral 


Estimates of liquid nropellant dynamics were extracted from the fine mass 
probe liquid sensor measurements, Assuming planar wave propellant slosh, 
the LOX probe measures 98 percent of the pitch component and 20 percert 
of the yaw component. The LH2 probe measures 36 percent of the pitch 
component and 99 percent of the yaw component. 


Estimated LOX and LH slosh amplitudes during S-1I boost are shewn in 
Figure 11-23. These data were extracted from the fine mass probe liqutd 
sensor measurements by a data processing technique specially develcped 
for this purpose. The amplitude plots show periodic biasing (non- 
sinusoidal) which should be janored because it is a consequence af the 
processing technique. The top two plots are for the Ltg slosh amnlitudes 
at the probe and wall, respectively. The bottom plet is for the LOX 
surface angle, The slosk modes were excited after S-1] stage J-2 engine 
start, IGM initfation, cutoff of engines No. 2 and 3, and termination of 
artificial tau cuidance mode, as indicated in the figure. The largest 
LH2 slosh amplitude was 15 centimeters (6 in.) at the probe, and 
occurred after cutoff of engines No. 2 and 3. The LOX sTosh amplitude 
was more sustained than Lk2 sleshing throughout S-II boost. 


S-IVE stage slosh data are shown in Figure 11-24. LHp sloshing was 
discerrible at S-EI engine ignition (149.8 seconds) and at engines No. 2 
and 3 cutoff (412.9 and 414.2 seconds). The LH2 slosh quickly damped 

cut (within 15 secends). This corresponds to an estimated damping factor 
of G.26. The S-IV¥B LHQ slosh frequencies were near the natural uncoupled 
frequency as shown in Figure 11-25. LOX slashing in the S-IVB tanks was 
nat discernible. 


The slosh data were also analyzed for frequency content. Figure 11-25 
depicts slosh frequencies estimated from fine mass probe measurements in 
the S-II stage liquid oxygen and liquid hydrogen tanks. The LH2 frequency 
plots show that sloshing occurred near the natural (uncounled) LH2 slosh 
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Figure 11-24. S-IYB LHg Slosh Amplitude at the Probe During S-II Burn 
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SLOSH AMPLITLOE {p-0}, in, 


frequencies. The LHp sloshing was initially excited during S-II stage 
d-2 engine ignition 7149.8 seconds) and initiation of IGM {197.0 seconds } 
and then oscillated independently with slow decay due to damping. The 
observed LOX frequencies were in the range of 0.4 to 0.6 hertz. These 
frequencies were also evident in the S-II pitch and yaw gyros. The LOX 
sloshing was apparently coupled with the flight control system response. 
It is theorized that small amplitude (less than 0.02 degree) attitude 
limit cycling of the flight control system was forcing the LOX slesh 
dynamics. A small amplitude attitude limit tycle was predicted ky the 
analog simulation of the S-I] stage flight dynamics control system. 
Attitude control Timtt cycling is possible because of the quantization 

of flight control data by the LYDA and the non-linearity af the LVDA- 
LYDC. The results of simulation of LH2 amplitude at the wall are plotted 
in Figure 71-23 for comparison with flight cata. The comnarison indicates 
good agreement during the initial excitation of the slosh modes; however, 
the decay characteristics of the simulation shaw mare attenuation. This 
indicates that less damping of the slosh modes occurred in flight than 
anticipated by the simutated flight dynamics. 


The effect of liquid propellant stcsh upon the control system was 
estimated from the component of the slosh mades in the engine deflections, 
presented in Figure 11-26. The engine deflections were analyzed using 
bendpass filtering. 


The largest slosh component magnitudes of 0.18 and 0.15 degree occurred 
with the yaw and pitch gimbaT angles following cutoff of engines No. 2 
and 3, The yaw magnitude was approximately 30 percent of the total yaw 
gimbal angle at this time {see Table 11-5). 


S-IE stage J~2 engine No, 1 pitch and yaw actuators position data were 
bandpass filtered at five selected flight times to detect the presence 

of any structural bending mode frequency components. The results indicate 
negltgible engine deflection due to structura? bending of the vehicle. 
This result was to be expected and indicates the flight control computer 
electronic filters were effectively attenuating any bending mode effects 
in the rate gyro or other control system inputs. 


11.5 S-IVB CONTROL SYSTEM EVALUATION 


The S-I¥B Thrust Vector Control System and APS provided satisfactory 
pitch, yaw, and roll control during S-IVB first burn and parking orbit. 
During restart attempt the auxiliary and main hydraulic pump cavitated, 
precluding operation of the TYC system. With this exception, the vehicle 
attitudes correlated well with actual commanded attitudes, and demands 

on the contro] system were well within the capabilities af the system, 


11.5.3 S-I¥B Control System Evaluation Before and During First Burn 
From 118 to 138 seconds during S-IC burn, a 5.5 hertz oscillation at 


approximately 276 N/cm2 (400 psid) peak-to-peak was observed on the S-IVB 
Pitch actuator differential pressure. Figure 11-2? presents a comparison 
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Figure 11-27. S-I¥B Pitch Actuator [xcitation During S-IC Burn 


of AS-502 and AS-501 pitch actuator differenti«l pressure during this 
time interval. The 5.5 hertz oscillation was not evident on the yaw 
actuator differential pressure data. Section 9 contains a discussion 
of the POGD phenomenon which caused this. 


At §77.1 seconds (S-I1/S-IVB separation command), there was a 0.3 second 
APS firing by the pitch engine at position I (Ip). The pulse was 
terminated at approximately 577.4 seconds by the S-IVB Burn Mode ON 
switch selector command, Thts command places the flight control computer 
tn the S-IYB burn mode, which enables J-2 engine gimbaling for nitch and 
yaw control during S-IVEB burn, and enakles the APS to control in roll. 
Because the flight control computer was in the S+IVB coast mnde for this 
0.3 second interval and the pitch attitude error signal was of sufficient 
magnitude, the Ip engine fired as commanded. This is a normal occurrence 
on Saturn ¥. AS-501 had a similar unsynchronized yaw/roll pulse on the 
APS ergine No. 4 at position I {I1y) during staging. 


The conditions on Saturn ¥ are not the same as om Saturn IB, in which 
the flight control computer goes directly into S-IVB burn mode from 
S-IB burn mode and cannot go to coast mode and trigger the APS unless 
commanded to coast mode. 


The TVC responded satisfactorily to flight control computer commands 
during first burn. The maximum attitude errors and rates occurred at 
S-II/S-IVB separation. A summary of the maximum values of critical 
flight control parameters is presented in Table 11-5. 
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Table 11-6. Maximum Control Parameters During S-IVB Burn 


S-11/S-1VB 
SEPARATION, S-1¥8 
PARAPTTER GUIDO. INITI~ FIRST 

ATION, AND CUTOFF 
ART. TA 

Pitch Attituce Error, deq 

Yaw Attitude Errar, deq 

Roll Attitude Error, deg 

Pitch Rate, deg/sec 


Yaw Rate, deq/sec 





Roll Rate, deg/sec 


Pitch Actuatar Pas., deg 


Yaw Actuator Pos., deg 








The large attitude error at S-II/S-IV¥B separation resulted in a pitch 
actuation position requirement of 6.7 degrees, but the separation 
transient was within the capabilities of the T¥C system. The S-I¥B pitch, 
yaw, and rol] dynarvics, including command angles, attitude errors, 

angular rates, and actuator positions, are presented in Figures 11-28, 
11-29, and 11-30, respectively. The pitch and yaw effective thrust vector 
misalignments were +0.25 degree in pitch and -0,4 degree in yaw. The 
steady-state roll torque was 54 H-m (40 Ibf-ft). The powered flight APS 
impulse requirements are included in Table 11-7. 


LOX and LH? slosh parameters are presented in Figures 13-31 and 11-32, 
respectively, LOX sloshing exhfbited the coupling found in previous 
flight data, LH2 sloshing indicated a large slosh wave following S-IT/ 
S+IVB separation due to the large contro] systen transient which occurred 
at that time. The slosh wave was highly damped by the deflector located 
in the area of quiescent surface level, Yariations in LH2 sloshing 
parameters were also noted at approximately 645 seconds, due to the nose- 
up command which occurred at that time. The LOX and LH2 sloshing did not 
sianificantly affect the control system operation during 5-IV8 burn. 
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Figure 11-29. Yaw Plane Dynamics During S-1V8 First Burn 
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Figure 11-31, S-I¥B LOX Slosh Frequency and Height at the Probe 
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Figure 11-32. S-IVB LHp Siosh Frequency and Height 
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11.5.2 Control System Evaluatior During Parking Orbit 


Evaluation of existing crbital data indicates that the APS attitude 
cortrcl ferfarmed satisfactorily during orbit. 


Pitch, yaw, and roll contro] attitude errors, angular rates, and APS 
pulses following first burn are shown in Figures 11-33, 11-34 and 11-35, 
respectively. 


Orbital attitude control requirements were much larger than on previous 
flights, which can be attributed primarily to initial conditions 
existing at S-IVB first and second cutoff. 


Initial conditions at S-I¥B first cutoff (50 degrees nose-up from the 
local horizontal and 1 deg/s nose-up angular rate} required considerably 
more APS activity than anticipated. Following activation of the APS, 

the pitch engine fired ful? on for approximately 43 seconds sarimarily 

to correct for the rate condition. At 762 seconds {T5 +15 seconds) the 
pitch engine was commanded to serform the relatively large maneuyer of 
aligning the vehicie with the local horizontal. At 837 seconds {5 +90 
sucnndes the S-IVB began a series of maneuvers planned to produce informa- 
tion on the S-IVB restart bottle repressurization (Section 7.5 and 
Figure 10-8) and propellant slosh excitation while qualifying these 
Maneuvers for manned flight (see Mission Plan). This sequence of 
maneuvers consisted of a 180 degree roll, 20 degree pitch down, 20 degree 
pitch up, and @ 180 degree roll, At 837 seconds {T5 +90 seconds} the 
S-I¥B was commanded to roll counterclockwise 180 degrees to alfgn 
position [II toward earth, 


The 20 degree pitch down maneuver was initiated at 3207 seconds (Ts +2460 
seconds) for the purpose of evaluating propellant sloshing during a 
maneuvering period, The commanded and actual vehicle attitudes, attitude 
errors, angular rates, and APS pulses for pitch are shown in Figure 11-36. 
Following initiation of the maneuver, the pitch attitude error increased, 
as expected, to the -2.5 degree attitude error limit, which established 

a@ maneuvering rate of 0.3 deg/s. APS engine Illy fired to establish the 
required maneuvering rate, which was maintained until the vehicle attitude 
approached the commanded attitude, when engine Ip fired to reduce the 
angular rate to the desired orbital sitch rate. 


High frequency (19.5 to 22 hertz) rate signals having a maximum amplitude 
of 0.5 deg/s peak-to-peak were experienced, particularly on the roll rate 
gyro, commencing at 3311 seconds and terminating approximately 15 seconds 
later. This time correlates with the time period of high frequency 
{annroximately 5 to 6 firings per second) APS engine firings required to 
terminate the pitch maneuver. The high frequency rate signals appeared 
to terminate as the APS engine firing frequency reduced to a lower level 
(less than 4 ftrfngs per second). Correlation of the high frequency 
rates and APS firings indicates that the high frequency signals were 
related to the APS engine firings, The high frequency rate signals, 
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which were not of sufficient magnitude to affect attitude control system 
operation, appeared to be similar to those experienced on previous flights 
and during other intervals of the AS-502 missicn. The APS response 
appeared normal during this maneuver. 


LHe sloshing was not appreciable during the 20 degree pitch down maneuver. 
Significant LOX slosh existed at the initiation of the maneuver; hawever, 
LOX sloshing was not sustained cue to the high LOX dampinc, 


The 20 degree pitch up maneuver to the local horizontal was initiated 

at 5427 seconds (15 +4680 seconds). The commanded and actual vehicle 
attitudes, attitude errors, angular rates, and APS pulses are presented 
in Figures 11-37, 11-38, and 11-39, APS pitch engine Ip fired to remove 
the existing orbital pitch rate and establish a pitch up rate. The pitch 
attitude error increased to the attitude error limit of 2.5 degrees, 
establishing a maneuverine rate af -0.3 deg/s. As the actual vehicle 
attitude approached the commanded attitude, APS engine IIIp fired to 
remove the maneuver rate and establish an orbital pttch rate {nose down). 
High frequency oscillatiors were also observed during this maneuver, 
particularly on the pitch and rol] rate gyros, Again, the high freouency 
rate signal (0.2 deg/s peak-to-peak for approximately 25 seconds) existed 
predominantiy during irtervals of high frequency APS engine firings 
(approximately 5 firings per second) and damped out at approximately 

4 firings per second. The APS operation appeared normal during the 20 
degree pitch tp maneuver. 


LH sloshing was negligible during the 20 degree pitch up maneuver, as 
was true during the pitch dow maneuver. Significant LOX sloshing occurred 
at the maneuver inftiation but was not sustained due to large LOX damping. 


A distinct difference in pitch attitude errors was noted between the 
pitch down and pitch up maneuvers (see Figures 11-36 and 11-37). The 
pitch up maneuver exhibited considerably more overshoot than the pitch 
down maneuver. This was attributed to the greater impulse required to 
terminate the pitch up maneuver and establish the ordital pitch rate 
than for the pitch down maneuver. Only part of the maneuvering vate 
during the pitch down maneuver must be removed due to the requirement 
for the orbital pitch rate, whereas all of the maneuvering rate must be 
removed and an orbital rate established in the opposite direction for 
the pitch up maneuver. APS impulse requirements to initiate and terminate 
each of the pitch maneuvers were as follows: 


Pitch Down 
Initiate Terminate 
Module at 4715 Nes Module at S026 N-s 
Position III (1060 lbf-s) Position I (1130 Ibf-s} 
PHtch Y 
Initiate Terminate 
Module at 10,097 N-5 Module at QR75 N-s 
Positian I (2270 Ibf-s} Position III {2220 1bf-s} 
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Figure 11-38. Yaw Control Dynamics During Pitch and Roll Maneuvers 


11-52 


COMMANDED 
ATTITUD 





ATTITUDE 








REAR), deg 





ROLL ATTITUDE AND COMMAND: 
{POSITIVE CW ¥IEWEO FROM 














(POSITIVE CW VIEWED 


ROLL ATTITUDE ERRCA 
FROM REAR}, dag 











ROLL ANGULAR RATE 
(POSITIVE GW VIEWED 
FROM REAR}, deg/s 


























APS FIRINGS 


5400 5500 5609 5700 5800 5900 600 6100 6200 6300 6400 
RANGE TIME, SECONDS 


pF gc i 
1:30:00 1:34:00 1:39;00 1:42:06 1:46:40 
RANGE TIME, HOURS :MINUTES :SECONDS 
MB INDICATES INDIVIDUAL PULSES 
TCOINOICATES FULL ON PULSE 
INITIATE 20 DEG PITCH UP MANEUVER, 5427.3 
INITIATE 180 DEG ROLL TO PLACE POSITION [ DOWN, 5787.3 
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Figures 11-37, 11-38, and 11-39 show pitch, yaw, and roll cpntroT dynamics, 
respectively, during the 180 degrees counterclockwise roll maneuver to 
realign position I toward earth at 5787 seconds (75 +5040 seconds). No 
high frequency (19.5 to 22 hertz) oscillations were exnerienced during 
initiation or recovery phases of this maneuver. 


11.5.3 Control System Evaluation During Restart Attempt 


Pitch and yaw commanded and actual attitudes, attitude errors, angular 
rates, and actuator positions during S-I¥3 restart are shown in Figures 
11-40 and 11-41. The roll attitude error, angular rate, and attitude 
contro} system engine firings during this interval are shown in Figure 
11-42, An auxiliary hydraulic system failure (see Section 8.6) prevented 
the J-2 engine from being centered at the time of S-IVB engine start 
command. The engine pesition at ESC was approximately 1.5 degrees 

in pitch and -2,3 degrees in yaw. Disturbances experienced during chill~ 
down were relatively small but increased to a significant magnitude 
during a short time interval when the thrust built up to approximately 
44,482 Newtons (10,000 Ibf}. This can be seen on both pitch and yaw 
rates at 11,626 seconds, The apparent discontinuities in yaw and pitch 
attitude errors at 11,630.33 seconds were due to the shift from Té te Tp. 
At T7 initiation the cormanded attitude was set at the instantaneous 
cutoff attttude, thus nullify‘ng any attitude errors which were present 
at S-IVB main engine cutoff. The thrust vector control system did net 
Provide pitch and yaw control during the short time interval that this 
system was active duc to the aforementioned lack of hydraulic syster 
pressure, 


13.5.4 Control System Evaluation After Restart Attempt 


With failure to achieve restart, the LYDC went into 17 and initiated 

the planned maneuver to the attitude desired for spacecraft separation. 
The spacecraft was actually separated by ground command to the spacecraft 
Just after initiation of the maneuver. This caused the S-IVB/1U center 
of gravity to move further aft than normal due to the large LOX mass 
still onboard. This condition reduced the available APS contro? moment, 
thus requiring longer APS firings and greater propellant consumption 

than normal to complete the seoaration maneuver and to control propellant 
sloshing. 


The pitch and yaw channels of the APS wore activated at approximate] y 
31,633.8 seconds (T7 +3.5 seconds) after which the pitch engine at 
position III (IIIp) and yaw engines [pr and I11]] came full on. The 
ditch engine remained on for approximately 67 seconds. The extended 
control engine firings were attributed to initial rates at $-IVB cutoff 
(pitch -0.5 deg/s, yaw 0.45 deg/s), the spacecraft separation maneuver 
(11,650 seconds), spacecraft separation, propellant sloshing, and LOX 
venting. The attitudes, attitude errors, and body rates about the three 
axes are shown in Figures 11-40, 71-41, and 11-42, 
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Figure 11-41, S-IVB Yaw Attitude Errors and Rates 
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Figure 11-42, S-I¥B Rol? Attitude Errors and Rates 
During Attempted Second Burn 
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APS engine chanber pressure was used to determine the times when the 

APS modules ceased to function. At 21,953 seconds, the APS module at posi- 
tion I showed total fuel depletion, followed by oxidizer depletion at 22,053 
seconds. At 22,053 seconds, the yaw angular rate began to diverge due to a 
LOX vent initiated at 22,023 seconds. Fuel depletion accurred in the module 
at position ITT at 22,602 seconds; oxidizer depletion occurred at 22,634 
seconds. At this time the pitch and roll rates began to increase and 
reached anproximately -8.5 deg/s and 1.0 deg/s, respectively, at 22,300 
seconds. The vehicle continued to roll, resulting in osciliatina pitch 

and yaw angular rates. Deoletion of the APS propellants and subsequent 
loss of attitude control is reasonable when considering the relatively 
large and unexpected demands on the control system, particularly following 
S-IVE first cutoff and following the attempted restart and Spacecraf+ 
separation. The large LOX mass remaining follawing spacecraft separation 
reduced the APS control moment arm which resulted in greater propellant 
consumption for maneuvers and slosh induced disturbances. The attitude 
dynamics for this time period are shown in Figure 11-43. The offscale 
measurements in pitch, yaw, and rol] shown in Figure 11-43 are due to LYDC 
software limitations, 


Pitch and yaw attitude rates began to increase after depletion of pro- 
pellant in the APS module at position III as shown at the top of Figure 
11-44. Corresponding APS firing conmands during the pronellant depletion 
in this module are shown in the center of Figure 11-44, S-ZYB/IU tumble 
raves obtained fram reduction of radar tracking data for a period of nine 
days following launch are presented at the bottom of Figure 11-44. The 
rate buildup to 180 deg/s as indicated on the ninth day 7s attributed to 
propellant venting. 


11.6 INSTRUMENT UNIT CONTROL COMPONENTS EVALUATION 
11.6.1 Control-EDS Rate Gyros/Control Signal Processor Analysis 


The analysis of the Control-EDS Rate Gyros/CSP indicated that the per- 
formance of this combination was normal. The highest detected rates 
occurred between 59 and 61 seconds and were excursicns of approximately 
18 hertz which reached peak amplitudes of -3.5 and -5.1 dea/s in the 
pitch and roll axes, respectively. Analysis incicatec that the rate 
switch filters in the CSP perfornied nominally. 


1.6.2 Flight Control Computer Analysis 


The FCC performed normally throughout boost and coast phases of flight. 
Analysis of the argular velocity and attitude error signals indicated 
that these signals, as telemetered from the FCC, were similar te the 
same signals telemetered from the ariginating component. 


The maximum FCC output current was 46.5 milliamps and accurred at 419 
seconds, aS evidenced on the four pitch 50-milliamps servo amplifier 
telemetry signals. This resulted from the premature cutoff of two 
S-II_ stage engines. This value represents 93 percent of the current 
available from the FCC servo amplifiers. 
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Figure 11-43, Pitch, Yaw, and Roll Dynamics at Loss of Control 
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SECTION 12 
SEPARATION 


12.1 SUMMARY 


S-IC retro motor performance was satisfactory with negligible thrust im- 
balance in the pitch and yaw planes. The S-IC retro motor data indicate 
that some parameters were either above normal or possibly above the maxi- 
mum limits but caused no problem, S-IC/S-I1 separation and associated 
sequencing occurred as planned with adequate clearance between stages. 


Available data indicated that the S-II ullage motors operated as expected. 
The loss of S-II main engines No. 2 and 3, with a consequent longer stage 
burn time, caused loss of ullage motor data on the post S-11 cutoff on- 
board tape recorder playback. Photographic coverage and simulation analy- 
sis showed that no problems were encountered during second ptane separation. 


The S-II retro motors performed as desired; minor deviations from nominal 
performance in no way impaired their function. The S-IVB ullage motors 
performed satisfactorily, with performance values very close to those 
predicted and within design specifications. 


The S-I¥B separated from the S-II faster than predicted, primartly because 
of the 40 percent loss of S-I1 tailoff thrust. The loss of tailoff thrust 
resulted in a moment on the separating S-II stage. The pitch attitude 
error caused the S-IVB engine to be gimbaled 6.5 degrees during separa- 
tion; however, this resulted in no clearance or control problems. 


Spacecraft separation was initiated by ground command to the spacecraft 
during the maneuver to separation attitude. There were no Service Module 
Propulsion System (SPS) engine bell clearance problems during spacecraft 
separation; however, there may have been a momentary interference between 
the Command and Service Modules (CSM) and the Spacecraft Lunar Module 
Adapter (SLA) panel at the separation plane. Any momentary interference 
was not detrimental to the separation. Therefore, initiation of space- 
craft separation during the maneuver to separation attitude did not re- 
sult in any significant problems. 


A summary of separation events and times of occurrence is given in 
Table 12-1. 


Table 12-?. Separation Event Times 


TIME BASE + TIME BASE + 
LVDC Interrupt (S-IC OECO Sensed), 
Start of Time Base 3 (T3) 
$-II Ultage Motor Fire Signal 
S-IC/S-II Separation Command 
S-IC Retro Motor EBW Fire Signal 
S-IC/S-II Physical Separation 
S-I1 Engine Start Command 


5-IIT Second Plane Separation Command 


L¥DC interrupt (S-I] ECO Sensed}, 
Start of Time Base 4 (T4} 


S-IVB Ullage Motor Burn Time 
of 2) 


Inttiation {Avg. 

75 Percent Ullage Farust 
S-II/$-1¥B Separation Command 
S-I1 Retro Motor Fire Command 
10 Percent Retro Thrus* 
S-1I/S-IVB Physical Separation 
90 Percent Retro Thrust 


S-I¥B Engine Start Sequence 
Command 


S-I[/S-I¥B Separation Complete 578.07 


S-I¥B £CO Interrupt, Start of 
Time Base 7 {T?) 11,630.33 11,728.09 


Spacecraft Separation Command 11,666.02 


S~I¥B-IU/CSM Physical Separation 
Complete 11,667.82 7 11,908.09 








12,2 S-IC/S-I1 SEPARATION EVALUATION 
12.2.1 S-I€ Retro Motor Performance 


Ignition signal to the retro motors occurred at 149.10 seconds. The per- 
formance of all S-I€ retro motors was satisfactory, although a review of 
the data, shown in Table 12-2, indicates that some parameters were either 
above normal or possibly above the maximum limit. Computed effective 
impulse values based on combustion pressure data were apparantly above the 
maximum limit shown in the model specification but caused no problems. 

The average effective pressure and average effective thrust were generally 
higher than normal, although all were within the upper limit allowable 
according to the model specification. These higher than normal data are 
being given further study but are bevieved to be caused, at least partially, 
by differences between static and flight measurement conditions which 
could cause higher than "real" pressure records. If, on the other hand, 
the pressure transducers were reading actual chamber pressure, the retro 
hotors and the stage attachnent hardware were structurally adequate to 
withstand the higher loads. A test program has been initiated to compare 
the chamber pressure transducer used in flight and <ts environment with 
the transducer used and environment encountered during the qualification 
testing. The qualification testing established nominal performance and 

3 sigma limits. 


Thrust imbalance in the pitch and yaw plane was negligible, Figure 12-1 
shows thrust versus time for the retro motor with the highest maximum 
thrust (fin D, position 1¥} and for the retro motor with lowest maximum 
thrust (fin B, pasition III}. 


12:2,2 S-II Ullage Motor Performance 


The S$-IC onboard camera system which viewed the S$-IC/S-I] separation pro- 
vided evidence that alt four S-II ullage motors fired. 


This evidence agrees with the thrust buildup observed from $-II telemetry 
data. No additional information about performance can be determined from 
telemetry data, since the quality of S-I1] ullage motor chamber pressure 
data was inadequate for detailed analysis because of telemetry attenuation. 
This attenuation was due to 5-IC retro motor firing. The ullage motor data 
%s narnally obtained from onboard tape recorder playback after $-I1 cutoff. 
Due to the longer than planned burn time, this taped information was not 
played back. 


]2,2.3 S-IC/S-II Separation Dynamics 


S-IC/S-II separation and associated sequencing was accomplished as planned. 
Subsequent S-IC and S-I1 dynamics provided adequate positive clearance 
between the stages. The predicted and measured dynamic pressures at sepa- 
ration were 0.1123 and 0.1189 N/eme, (23.46 and 24.84 Ibf/ft2}, respectively. 
Dynamic conditions at separation fell within estimated end conditions and 
well within staging limits. 


Table 12-2. SIC Retro Motor Performance 


PARAMETER 


frye” (AVG EFFecTIve]  ToraL | EFFECTIVE 
BURN PRESSURE TMPIUILSE EMPLILSE 
TIHE Néem2 Hs Nes 
{sec)? (psfa¥ (Ibf-s) (lbf-s}" 

















RETRO MOTOR 
















































398,969 
(89,692) 
405 ,024 
(9? 053} 


1161 
(1684) 

1194 
1732) 


289.935 266,83) 
ibS,180} (59,986) 
288,994 262,294 
(64,946) (38,966) 


























1196 292,373 262,098 405,851 
(1734) (65,728) (5E,966) {91,239} 
N63 278,254 255,991 395,109 
(1687) 162,554) {57,549} (88,824) 



































1931 298,918 265 ,750 492,955 

1 (1727) j {67,177} (59,743) (99,588) 
| 1149 283,369 258,811 398,023 
{1667} (63, 704} (58,183) (87,2313 






























298 182 266,947 406.994 
(1741) (67 ,034} (60,012) (91,496) 
28? 621 257,005 398,765 
(63,511) (67,777) (89,646) 


























1179 
ap) 


298,930 


201,965 
{64,554) 


(59,892) 


400,211 
(83,979) 





Average 














Nomina} 294, °K 
(70°F) Motor 






















391 055 
(87,913} 


0.633 1128 
(1634) 


297 342 
(55 605) 


No Spec 










-3u Limit 271.9°K 
(30°F) Motor 
















352,426 
(79,229) 


0.s61e| 1000 
Oat} 


No Spec 242,173 


(54,443) 






















r390 Limit 321.9°R 
(120°F) Motor 

















12Be 
(1362) 


252,507 
(56,766) 


AAD 096 
(98 938) 


0.69a=«1 No Spac 










* AL 221.9°K (120°F) 
** At 271.9°K (30°F) 
a cre 












~ Effective Burning Time ~ The effective burnirg time fs the fnterval from at- 
tainment of the initial 75 percent of maximum pressure on the ascending por- 
tion of the pressure trace to the same level on the decay portion of the pres 
sure trace. 









Average Effective Pressure - The average effective pressure is the pressure- 
time Integral between the linits of effective burning time divided by the ef- 
fective burning time. 


Total Impulse - Total impulse is the area under the thrust-time trace from 
zero time until the thrust returns to zero. 


Effective Imoulsa - The effective Smpulse is the area under toe thrust-tine 
curve, between the Imits of effective burning time. 


Average Effective Thrust - The average effective thrust is the effective im- 
pulse divided by the effective burnirg time 


4 
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Figure 12-1. S-IC Retro Motor Thrust 


The first plane separation was monitored by accelerometers and rate gyros 
on each of the two stages, Separation rate transducers (extensometers ) 
provided relative separation rate and distance data. In addition, motion 
picture film provided a visual indication of the clearance between tke 

two stages as they separated. For evaluation purposes, first plane sepa- 
ration dynamics were caiculated using a computer program which took into 
account F-] thrust decay, S-IC retro motor thrust, S-I] ullége motor 
thrust, initial trajectory conditions, engine gimbal angles, and mass pro- 
perties. The simulated first plane separation dynamics and separation 
distances agreed very well with the actual data. 


Figure 12-2 shows separation distances and relative velocities of the two 
stages and their respective contributions to the total. These velocities 
are changes in velocity magnitudes from time of phystcal separation, The 
plat for separation distance also shows the point where the S-1C stage 
clears the J-2 engines, which extend beyond the separation plane by 

0.41 meter (16 in.). Yery close agreement between the AS-501 and AS-502 
flights is seen, The separation time for the AS-502 flight was stightly 
longer than for AS-501 because only four ullage motors were used on AS$-502 
instead of the eight motors used on AS~501. 
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Figure 12-2. $S-IC/S-II Relative Velocity and Separation Distance 
During First Plane Separation 
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Figure 12-3 shows lateral clearance and longitudinal accelerations for 
the separation. The minimum clearance was calculated to be ].33 meters 
(52.4 in.} between engine No. 7 and the S-IC stage. The longitudina] 
acceleration indicated that physical separation occurred approximately . 
Q.1 second earlier than AS-501, This was due to the retro motor thrust 
rising to full thrust 0.1 second earlier. Good agreement between calcu- 
jated results and flight data existed for this flight. 


S-IC angular dispersions during S-10/S-II separation are shown in Fig- 

ure 12-4, S-IC attitude deviations after separation were dertved by 
integrating the measured angular rate. Figure 12-5 presents the angular 
dispersions of the S-II stage during separation. No significant difference 
existed between the AS-501 and AS-502 flights. 


12.3  S-I1T SECOND PLANE SEPARATION EVALUATION 


Photographic coverage pravided the only means of adequately monitoring 
second plane separation. However, the dynamics of both the second stage 
and the separating interstage were calculated using a computer. These 
calculations utilized appropriate initial trajectory data, postflight 

mass characteristics, and J-2 engine plume characteristics obtained from 
flight data. The only flight data from film analysis available were rela- 
tive velocity and relative displacement. Al] ather data are calculated 
results, 


The relative separation velocities, the relative velocity contribution 

of each body to the total, and relative separation distance between the 
two bodies are shown in Figure 12-6. Yery good agreement is seen between 
AS-502 and AS-501 flight data. The velocities are the changes in veloc?- 
ties from time of physical separation and are calculated results. As was 
the case for the AS-501 flight, better agreement in relative velocity data 
between calculated and flight data was obtained by using an electrical 
disconnect force of zera pound, The relative separation data also indi- 
cate very good agreement between AS-501 and AS-502 flight data. The sepa- 
ration was complete when the interstage passed the bottom of the J-2 en- 
gines and was calculated to have occurred at approximately 180.12 seconds. 


Figure 12-7 presents the angular dispersions of the S-II stage during 
separation. Attitude errors remained near zero for both flights during 
second plane separation. 


The lateral clearance between the interstage and the engines was computed 

and is shown for each engine in Figure 12-8, The figure shows the lateral 
clearance, i.e., the clearance projected in the ¥-Z plane, versus the 

body station an the interstage at which the least distance occurred. An 
arrow indicates direction of increasing time. There was a minimum clear- 
ance of 1.07 meters (42 in.) between engine No. 1 and the interstage 

rings at vehicle station 43.79 meters (1724 in.}, The separation plane 

is located at vehicle station 44.70 meters (1760 in.}. Figure 12-8 also pre- 
sents the calculated body rates of the separating interstage, which are 
compared with those calculated for AS-501, 
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Figure 12-3, 
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Figure 12-6. Interstage/S-II Relative Velocity and Separation 
Distance During Second Plane Separation 
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Figure 12-8. Lateral Clearance Distance and Interstage Body Rates 
During Second Plane Separation 
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12.4 S-11/S-]¥B SEPARATION EVALUATION 
12.4.1 S-II Retro Motor Performance 


The four retro motors mounted on the $-II stage performed satisfactorily 
and separated the S-I] stage from the S-IVB stage. The pressure buildup 
for all four retro moters began within 0.02 second of each ather at 

577.08 seconds. The thrust and chamber pressure orofiles for the four 
motors were very sinilar, and the naximum difference in burn times was 
0.04 second. Prior to the flight a correlation between thrust and chamber 
pressure had been obtained from previous ground tests of similar retro 
motors. This correlation was used in a computer program to determine the 
retro motor thrust from tae chamber pressure data during the AS-502 flight. 


Table 12-3 presents the performance parameters for the individual motors. 
All parameters were within the nominal performance limits except for the 
burn time total impulse for motor A, which was slightly greater than the 


nominal maximum value but which had no detrimental effect on motor per- 
formance, 


Table 12-3. S-II Retro Motor Performance 





































































































i SPECIF2CATCON © IMITS 
MITOR i ° « 
PARAMETER ; 3 - ATES 9 SE (60 SE); 

POs (¥-1 fens 1-123] Pas caIE PALME MENT 

urn Times sec 2.65 1.52 | 67 1.38 
Average Burn “ime Chamber | 1196 | 1180 i182 1206 1191 1293 1065 
Frossure, H/em2 (psia) (1734; fii {2715} (1745) (37273 £1475) (1545) 
Maximum Thrust? 4 (74) 121,487 | 174,370 7 176,815; 18i,943[ 177,929] 193,142 152,129 
£40,800; | (39,290) | (29,300)| (42,700) | (40,000) (43,4203 (35,209) 

Average Burn Time Tarusc,* 161, 2%b | 157,885 | 157,271] 152,520] 159,965] 124 292 175,416 
N C1bF} (36,371) ] (35,494) | £35,356} | (30,536)| {45,9393| (30,390) (39,435) 
Burn Time Total imputse.” | 750,768 | 239,986 | 237,477) 250,279| 244,639| 250,435 232,597 
N-s (1bf-s) jc36,475) (53,951) | (53,347) | (56,265) (64,995) (56 300} (52,290) 





Rura Time - Defined in Section 6.2.1,90 of Thiokol Model Soeci*ication TEMS~11. 


* Burs Tine Average Chamber Pressure - The average chamber pressure during burn time is the area 
under the pressure time curve over the burn t'me, divided oy the burn time, 


Maximum Theust - The &ighest thrust developed by the rocket motor under any normal operating 
candition excluding ignition, 












Burn Tine Average Thrust ~ The averege thrust during burn time ts the burr time total inpulse 
diviged by the burr time. 






urn Time Tetal [mpulse ~ Tne area under the thrust-time curve over the burs time. 
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A tarust arofile for the retro motors is shown in Figure 12-9. The smooth- 
ness of tne thrust traces for motor B and motor D is due to the fact that 
the chamber pressure data for these two motors were not good on the tape 
used for the computer program and therefore had to be entered in tabular 
form from other telemetered data. 


32.4.2 S+IVB Ullage Motors 


Jilage motor performance was satisfactory. The ullage motor ignition 
command was given at 576.98 seconds, with the jettison command at 

589.08 seconds. These times, relative to engine start command, were very 
close to predicted. Table 12-4 presants the individual motor performance 
parameters. A comparison of toese data with nominal performance limits 
indicates that Doth motors performed within design specifications. 

Figure 12-10 presents tne thrust profiles during burn. 


12.4.3 S-11/S-1V¥B Separation Jynamics 


Separation of the S-I¥B stage from tne S-T] stage was accomplished 

0.07 second faster than predicted time for a nominal separation (0.99 sec- 
ond). This was caused by lower than nominal S-I1 tailoff thrust level 

due tu two engines out. Physical Separation occurred 0.05 second after 

the separation command (established from extensometer data). Engines No. 2 
and 3 out resulted in a moment on the separation S-II stage which caused 

a positive S-II pitch rate and caused the critical separation point to 

be on the position T side of the S-I¥B thrust structure. This moment re- 
duced the clearance distance to approximately 15.2 centimaters (6 in.) 

in the direction of position [. 


Table 12-1 contains significant times and events for the S-11/S-I¥B 
separation. Figure 12-1? presents the axjal separation history and rela- 
tive velocities between the two stages during S-II/S-1¥8 separation. Also 
shown are the predicted and actual AS-501 separatton histories. 


Figure 12-12 shows the longitudinal acceleration for the S-II and S-IVB 
stages. The reconstructed acceleration histories were obtained from 
S-II and S-I¥B accelerometer data. 


The angutar rates for both the S-II and the S-IVB stages are presented 
‘in Figures 12-13 and 12-14. The S-II rates were a1] approximately zero 
at physical separation. The S-II pitch rate increased to almost 2 deg/s 
by separation complete. The yaw rate increased to 0.95 deg/s by separa- 
tion complete and the roll rate remained approximately zero throughout 
separation, The S-I¥B rates were all small with pitch and yaw rates less 
than +0,.2 deg/s. 


The path of the interstage lip during separation is shown in Figure 12-15, 
The closest approach point was a point on the S-IV¥B engine bell at posi- 
tion 1, The 7.6 degree pitch attitude error existing at S-II/S-IV8 sepa- 
ration caused the S-IVB engine to be gimbaled 6.5 degrees in the direction 
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Table 12-4. S-i¥B Ullage Motor Performance 


SPECIFICATION LIMITS 


AT 294,2° ig 
PARAMETER eet UTC) 


Burn Time! 





Average Burn Time | N/cm2 690 
Chamber Pressure* | {psia) (1001) 








Maximum Thrust? 15,684 15,916 
(3526) (3578) 


Average Burn N 15,048 15,449 16,847 
Time Thrust* (1bf) (3383) {3473} (3786) 


57,333 58,703 60,45) 














Burn Time 


N-s 
Total Impulse? {(Ib¥-s)/(12,889) | (13,197) | (13,590) 


Burn Time - Time beginning when the pressure has risen to 10 percent of 
the maximum chamber pressure and ending when the pressure has drapped 
to 75 percent of the maximum chamber pressure. 


Average Burn Time Chamber Pressure - The area under the pressure-time 
curve during burn time divided by burn time. 


Maximum Thrust - The highest thrust developed by the rocket motor under 
any normal operating conditton excluding the first 0.20 seconds of 
operation, 


Average Burn Time Thrust - The burn time total] impulse divided by the 
burn time, 


Burn, Time Total Impulse - The integral of thrust with respect to time 
between the burn time limits. 





of position I during separation. The gimbaied engine and S-11 moment 
resulted in a total clearance of approximately 1.60 meters (63 jn.) out 
of a total available clearance of 2.06 meters (81 in.), presenting no 
flearance or control problems. 
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Figure 12-13, S-11 Angular Dispersions During S-1I/S-I¥B Separation 
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Figure 12-14. S-II and S-IVB Angular Dispersions During 
S-IT/S-IVB Separation 
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. 2,5 S-IVB/IU/SPACECRAFT SEPARATION EVALUATION 


T7 was established at 11,630.33 seconds. At 17 +20 seconds the prepre- 
grammed maneuvers to separation attitude were initiated. However, at 
11,666.02 seconds spacecraft separation was initiated ty ground conrand 
to the spacecraft. 


The S-I¥B attitude errors and rates during S-IVB/IL/Spacecraft separation 
are shown in Figures 11-40, 11-41, and 11-42 for pitch, yaw, and roll, 
respectively. The S-I¥YB pitch, yaw, and roll attitude errors at space- 
craft separation were -7.0, +6.5, and -7.0 degrees, respectively. The 
S-IVB pitch, yaw, and roll angular rates during spacecraft separation 
were +0.4, -0.8, and +1.3 deg/s. 


Telemetry from the spacecraft and the S-I¥B/IU indicated that unexpected 
disturbances were applied to both vehicles immediately following physical 
separation. The spacecraft pitch rate increased from 0,3 deg/s ta 1.83 deg/s 
in the nose-up cirection over a period of 0.1] second following physical 
Separation, The 1.53 deg/s rate change may be attributed to a momentary 
interfererce between the Spacecraft Lunar Module Adapter (SLA) panel located 
at position 1 ard the spacecraft at the separation plane. The S-IVB/IU 
pitch rate decreased fram 0.38 deg/s to 0.1 deg/s nose-up pitch rate in the 
the same time interval. This rate change may be attributed to the above 
momentary interference between the vehicles coupled with asymmetrical forces 
and moments resulting from delayed deployment of the SLA panel located 

at position I. The S-IVB/IU pitch rate increased from 0.1 deg/s to 0.4 deg/s 
nose-up 1,0 second after physical separation. This may result from the 
deceleration of the SLA panel at position III on hitting the deployment 
position stop prior to the SLA panel at position I. The SLA panels 

reach an angular rate of approximately 40 deg/s within 0.09 second 

of physical separation and are fully deployed by 1.3 seconds, Longi- 

tudinal acceleration impulses in the aft direction were detected by the 

IU accelerometer immediately following physical separation and 1.0 second 
later. 


Spacecraft attitude rates and linear acceleration data provided by MSC 

were utilized to reconstruct the relative motion of the service modute 

engine bell with respect to the S-1¥B/IU during spacecraft separation. 

The resultant relative motion as a function of time from physical sepa- 
ration is shown in Figure 12-16. 


Even though there were no SPS engine bell clearance problems there may 
have been a worentary interference between the CSM and a SLA panel at the 
separation plane as discussed above. However, the momentary interference 
was nat detrimental to the separation. Therefore, initiation of spacecraft 
separation during the maneuver to separation attitude did not result in 
any significant problems. 
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SECTION 13 
ELECTRICAL NETWORKS 


13.1. SUMMARY 


Each stage has its own electrical system which includes the battery 
power supply, power distribution systems, switch selector, etc. The 
stage electrical system supplies and distributes power to all slectrical/ 
electronic equipment on the stage. Details of stage electrical systems 
are presented in the individual stage descriptions. 


In general, launch vehicle electrical systems performed satisfactorily 
during powered flight. Stage deviations are detailed in the individual 
stage descriptions. 

S-IC stage deviations included: 


a. Battery No. 2 voltage drop at about 168 seconds which continued 
for 11 seconds. 


b. Power supply bus 1086 voltage drop from a nominal 5 vde to zero vde 
lasting from 160 seconds until loss of telemetry signal. 


S-II stage deviations included: 
2. A 34-ampere current spike at 412.7 seconds on the main battery. 
b. Instrumentation battery positive current spikes of 47 and 
37 amperes with correspanding voltage draps of 1.2 and 0.5 
volts beginning at 414.2 seconds. 
The only 5-IVB stage electrical deviation was that the PU static inverter/ 


converter 5 vdc exceeded the upper limit of 5.1 vde by from 30 to 90 
millivolts; however, no adverse effects resulted from this deviation. 


Instrument Init daviatians included: 
a. A current surge of 9.5 amperes, lasting 400 milliseconds, at 


133.3 seconds on the 6017 bus, with a corresponding voltage 
drop of 1.5 volts in the 6010 battery. 


b. A current step of 1 ampere at 22,112.4 seconds on the 6D11 bus. 
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13,2 S-IC STAGE ELECTRICAL SYSTEM 


The S-IC stage electrical system is composed of five 28 vdc batteries 
which supply the various systems and components through the power 
distribution system as shown in Figure 13-1. The system inciudes 
seven 5 vde instrumentation measuring power supplies, distributors, 
and a switch selector. 


The electrical system performed satisfactorily during S-IC powered 
flight. Battery voltages and currents are shown in Figures 13-2 and 
13-3, Soth battery No. 1 and battery No. 2 stayed within design limits 
of 26.5 to 32 vde (as read on buses IDI and 1020, respectively), and 
below 64 amperes for battery No. 1 and 125 amperes for battery No. 2 
(as read at each battery), until approximately 168 seconds. At this 
time, approximately 19 seconds after S-IC/S-I1] stage separation, 
battery No. 2 voltage dropped to 25.8 vdc and the current rose above 
175 amperes, the upper limit of range on the ammeter, After 1] seconds 
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the battery voltage and amperage returned to normal. A somewhat similar 
Situation occurred on AS-501 S-IC battery No. 1 immediately after 
S-IC/S-I1 separation. Tape recorder performance was not affected since 
the yaltage remained above the minimum required by the tape recorder. 
Investigation is underway to determine probable cause of this deviation, 
and corrective action to be taken, 


S-I€ stage batteries No. 1 and 2 outputs in ampere-minutes and as a 
percent of rated capacity were wel) within desicn limits, as shown in 
Table 13-1, Batteries No. 3, 4, and 5 were not instrumented to give 
this information. 


The seven 5 vdc measuring power supply voltages for instrumentation 
varied from 4.96 to 5.04 vec curing powered flight. This was within 
design parameters of 5 40.05 vde. At approximately 160 seconds, 

1] seconds efter S-IC/S-II separation, measuring voltage power supply 
bus 1D86 dropped from a nominal 5 vde to almost zero vdc and remained 
at this level until loss cf telemetry signal. This deviation is being 
investigated, 


41] S-IC switch selecter channels functioned as commanded by the 
Instrument Unit. 


Separation and retro motor Exploding Bridgewire (EBH) firing units were 
armed and triggered. Charging time and voltage charactertstics of the 
EBW firing units were within design specifications, Separation and 
retro motor ignition charging time and voltage characteristics were 
within required parameters. 


Table 13-1, S-IC Stage Etectrical System Battery Performance 
During Flight 










CONSUMPTION | 












CAPACITY* (AMP-MINS) 
BATTERY (AMP-MINS} Gayton 
EXPECTEN 







Battery No. 1 (Operational 


Battery No. 2 
(Instrumentation) 











304. GF 





Batteries No. 3, 4, 5 
(Optical Instrumentation) 





Not instrumented to give 
1250 consumption data 















x Ampere-minutes ratings are approximate values. 
** 0 to S-I€/S-11 separation, 
*** 0 to 210 seconds. 
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13.3 S-EI STAGE ELECTRICAL SYSTEM 





The S-11 stage electrical system contains four 28 vde batteries, two 
of which are connected in series to furnish 56 vde to the recircula- 


tion inverters. 


The batteries furnish power to the various stage 


systems and comoonents through the power distribution system, as 


shown in Figure 13-4. 
voltage to the tele 
recirculation pump 

power for the ac ind 
system includes various controllers and a stage selector $ 


metry and other instrumentation. 
inverters convert 56 vde to 42 vac, 3-phase, 400 hertz 
uction motors on the LH recirculation pumps. The 
witch. 


Five 5 vdc power supplies furnish measuring 
The five LH2 


The S-II electrical power system perforned satisfactorily throughout all 


phases of the AS-502 flight. 


switches, and LH2 recirculation inverters was normal. 


Operation of the batteries, power transfer 


All bus voltages stayed within specified limits during the prelaunch and 


flight periods. 
in Figure 13-5. 
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Block Diagram 
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for ar instantaneous current spike of 34 amperes at 412.7 seconds, ap- 
proximately the time given for J-2 engine No. 2 cutoff. Since there 
was no significant change in bus voltage at this time, the svike was 
probably caused by one of the following: 


a. Awild data spike, indicating false data. 


b. Instantaneous short in the stage wiring or bus loads. The possibility 
of wire damage in this area is indicated by voltage spikes on other 
measurements and loss of measurements routed by vehicle station 42.57 
meters {1676 in.) and stringer 108. 


Instrumentation bus voltage and current are shown in Figure 13-6, 
Instrumentation bus current stayed within specified limits except for 

a 4?7-anpere positive spike at 414,2 seconds which lasted for 1,2 seconds 

and a subsequent 37-ampere spike of shorter duration, with corresponding 
voltage decreases of 1.2 and 0.5 volts. The time of this deviation cor, 
responded approximately with cutoff of J-2 engine No. 3. The cause was 
probably shorting of distribution wires in the regton of vehicle station 

42.57 meters (1676 in,) and stringer 108, where lass of measurements indicates 
damage to wire cables. 


Voltages and currents profiles for recirculation and ignition busses are 
presented in Figures 13-7 and 13-8. Recirculation and igrition bus 
current stayed within specified limits. 


Battery temperatures (see Table 13-2) remained well within the predicted 
range, S-II stage batteries consumption in ampere-hours and as a percent 

of rated capacity are given in Table 13-2. All four battery ampere-hour 
outputs were well within destgn Timits. Tke five 5 vdc power supplies 
provided proper measuring voltage to the telemetry and other instrumentation. 


Table 13-2. $-I1] Stage Battery Consumption. 





















































BATTERY DESIGNATION | CAPACITY *) CONSUMPTION | PERCENT TEMPERATURE 
(REFERENCE) | fAMP-HR} {AMP-HR) | CONSJMED 

Main 310°K | 304° 
(38°F) | (ger) 

Instrumentation 2021 35 311°K 4303.5°K 
(ioreF) |) @7°R) 

Recirculation No. T 2351 Hl 3s 302°K 300°K 
(85°F) | @oer 

Recirculation No, 2 2051 35 301°K |298,5°K 
and (63°F) | GB°F} 














* Ampere-hour ratings are approximate values. 
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Figure 13-6. 5-II Stage Instrumentation Bus Voltage and Current 


33-7 





































a, : 
22 LEN WC. 
meer) \\\ a 
De ERA: 


ap ta:T58 ‘sdue “1vgeens 


Figure 


ap ‘S170 


13-8 


RANGE TIME, SECONDS 
Figure 13-8, S-II Stage Ignition DC Yoltage 


Performance of the switch selector was satisfactory during the flight. 
The switch selector telemetry output measurement was not available during 
portions of the flight due to a malfunction in the measurement; however, 
events indicated that the switch selecter correctly sequenced the S-I1 
stage as commanded by the IU computer, The LH2 recirculation inverters 
operated satisfactor-ly within acceptable limits during the J-2 engine 
chilldown period. 


Performance of the electrical portion of the separation system was 
satisfactory during the flight. EBW firing units charge and discharge 
responses were within the predicted tine and voltage ‘imits. 


13.4 S-IVB STAGE ELECTRICAL SYSTEM 


The S-IVB stage electrical system is composed of three 28-vde and one 56- 

yde batteries which supply the various stage systems and components through 
the power distribution system, as shown in Figure 13-9. Two 5-vdce exci ta- 
tion modules furnish measuring voltage to instrumentation measurement trans~ 
ducers and signal conditioners, Seventeen 20-yolt excitation modules supply 
signal conditioning power for event measurements, excitation power for tem- 
perature and yoltage measurements, and amplifier power to varjous measurements 
that use a de amplifier. The static inverter/converter converts 28 vde from 
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Figure 13-9. S-IVYB Power Generation and Distribution Systems 
Block Diagram 
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forward battery No. 2 to 115 and 2 vac, 400 hertz, single phase, and 
to 5, 22, and 117 vde power for the propellant utilization system. The 
LOX and LH? chilldown inverters convert 56 vde from aft battery Yo. 2 
to 56 vac 400 hertz for the chilldown pump motors, Power is routed 
through various distributors and a switch selector. 


The $-I¥B stage electrical system performed satisfactorily during first 
burn and through restart attempt. All systems responded normally to the 
Instrument Unit commands. 


Battery voltages, currents, and temperatures are presented in Figures 
13-10 through 13-13, Battery temperatures stayed below the 347°K {165°F) 
limits for the powered portion of the flight (the 347°K limit does not 
apply after insertion into orbit). The highest temperature reached was 
341°K (154°F) on forward battery 1, unit 2, during the sixth revolution, 
as observed on PCM data from Hawaii (see Figure 13-10). All battery tem- 
peratures were within their specified limits through the sixth revolution. 


The output voltage of forward battery No. 1 was 18 vde and decreasing 
according to sixth revolution Hawaii data. The other three battery 
voltages were nominal through the sixth revolution, $-I¥B stage battery 
consumptton in ampere-hours and as a percent of rated capacity are given 
in Table 13-3. Forward battery No. 1 furnished 6 percent more ampere- 
hours than the battery was rated for. The other three battery ampere- 
hour outputs were well within design limits. 


The two S-vde excitation modules provided proper excitation voltage at 

5 40,03 vde to the transducers through fifth revolution Hawaii data 

(27,650 seconds}, The sixth revolution Hawaii data (33,380 seconds} 

showed’ both voltages offscale high at 5.50 vde. However, this is 
attributed to a signal conditioning drift rather than an actual out-of- 
range condition, The 17 20-vdc excitation modules performed satisfactorily. 


The switch selector decoded the Instrument Unit signals properly and 
activated the desired Yelays, valves, etc. at the Proper times, through 

the sequencer. The LOX and LHo chilldown inverters performed satisfactorily 
and met their toad requirements. The 5 vdc PU static inverter/converter 
exceeded the upper limit of 5.1 vdc and ranged from 5.13 to 5.19 vde. 
However, no degradation of mass calculation occurred since ratios of 

voltage levels are utilized in the calculations. 


All EBW firing units responded as expected to their respective commands. 
The ullage motor ignition &BW firing units were charged at 482.28 seconds 
and fired at 576.98 seconds. The ullage motor jettison EBW firing untts 
were charged at 586.09 seconds and Fired at 589.08 seconds, to jettison 
both ullage motors. The Secure Range Safety EBN firing unfts were not 
charged or fired, since they were not required for AS-502. 
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Figure 13-11, S-IVB Stage Forward Battery No. 2 Voltage, Currert, 
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Figure 33-13. S-IVB Stage Aft Battery No, 2 Yoltage, Current 
and Temperature 
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Table 13-3, $-I¥3 Stage Battery Consumption 


CONSUMP TTOs 
(AMP-HRS} 


MAXIMUM . | ACTUAL HRS 
EXPECTED? | 6.53] 9.34 
















CAPACITY 


PERCENT 
(AMP--HRS } | 


BATTERY 
USAGE 








Fwd to. 
Fwd No. 52.4 


Aft No. 





Aft No. 











NOTES: 1. Ampere-hour ratings are approximate values. 


2. Predicted usage tased cn maximum expected values for 6.5 
hour flight. : 


3. Actual usage for 6.5 hours based on available flight data. 
Total usage through sixth revolution (9.3 hours). 


13.5 INSTRUMENT UNIT ELECTRICAL SYSTEM 


The Instrument Unit electrical system includes four 28-vdc battertes 
which supply the various IU systems and components through the power 
distribution system, as shown in Figure 13-14. A 5-vde power supply 
converts 28 vde from an auxiliary power distributor to closely regulated 
5 vdeo for use as a Signal conditioning reference voltage and also to 
supply various IU transducers. The 56-volt power supply converts 28 
vde from battery 6D10 to 56 vde for the ST-124-M gyro and accelerometer 
servoloaps and for the accelerometer signal conditioner. The platform 
ac power supply converts 28 vde from battery 6D10 to 26 vac, 400 hertz, 
3 phase and 20 vac, 4.8 kilohertz for the ST-124-M gyro, and to 20 vac 
at both 1.92 kilohertz and 1.6 kilohertz for electrical support equip- 
ment. Power is routed through six distributors. The switch selector 
activates the circuits necessary to execute commands received. 


IU battery voltages, currents, and temperatures are presented in 
Figures 13-15 through 13-18. In general the IU electrical system 
performed satisfactorily during the flight. The only major difference 
from AS-501 data was the 133 second anomaly mentioned below. 


The 6D10 battery performed as predicted except for a current spike at 


133.3 seconds and a current step at 22,112.4 seconds. The 133.3 second 
anomaly involved a 400 millisecond current increase of 9.5 amperes with 
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Figure 13-14. Instrument Unit Power Generation and Distribution 
Systems Block Diagram 


a corresponding 1.5-vde voltage drop, as shown in Figure 13-19. See 
Section 9A, "133 Second Transient," for a discussion of this anomaly and 
its implications. The 22,112.4 second current step of 1 ampere resulted 
from the gimbal torquer motor trying to drive the Yaw gimbal off the 60 
degree mechanical stops, where it had hit due to loss of effectiveness 

of one auxiliary propulsion system module in combination with the opening 
of the LOX vents 


The 6020, 6D30 and 6D40 battery performance was normal, although 6030 
current was somehwat higher than predicted, 


All battery temperatures were within normal limits. The maximum observed 
temperature was 321°K (118.4°F) on the 6030 battery at 9.4 hours. 


Instrument Unit battery consumption in ampere-hours and as a percent of 
rated capacity is given in Table 13-4. At the time data were lost, battery 
6030 had furnished 1 ampere-hour more than the battery was rated for, and 
the other three battery ampere-hour outputs were well within rated limits. 


The 5-vde power supply operation was satisfactory. The 56 volt power 
supply operation was nominal except for the effect of the 6D10 battery 
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Figure 13-16. 
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06:96:40 
07:30:00 


09:26 -49 


spike already discussed (see Figure 13-19). The effect of the 6010 
battery spike was also felt on the platfarm ac power supply (see 
Section 9A). 


There is no indication of any discrepancy in distributor performance. 


The switch selector functioned in a satisfactory manner throughout the 
flight. All commands to the switch selector were received properly and 
no complement commands were necessary. 


Table 13-4. Instrument Unit Battery Consumption 





CONSUMPTION 
BATTERY CAPACITY * (AMP-HRS) PERCENT 


(AMP -HRS} ACTUA USAGE 


6010 350 


6020 36¢ 
6030 360 
6040 350 














* Based on 350 ampere-hours at a 35 ampere discharge rate. 


** Total usage through 9.4 hours. 
wee Based on the decrease in terminal voltage. 
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SECTION 14 
RANGE SAFETY AND COMMAND SYSTEMS 


14,1 SUMMARY 


Data indicated that the redundant Secure Range Safety Cormand Systems 
(SRSCS) on the S-IC, S-II, and S-IVB stages were ready to perform their 
functions properly on command if flight conditions during the launch 
phase had required vehicle destruct. The system properly safed the 
§-I¥B SRSCS an command from Kennedy Space Center (KSC). The performance 
of the command and communications system in the Instrument Unit (IU) was 
very good, 


14.2 RANGE SAFETY COMMAND SYSTEMS 


The SRSCS provides a means to terminate the flight of the vehicle by 
radio command from the ground in case of emergency situations in 
accordance with range safety requirements. After successful insertion 
into earth orbit, the system is deactivated (safed} by ground command. 
Each powered stage of the vehicle was equipped with two command 
receivers/decoders and necessary antennas, The SRSCS in each stage was 
completely independent of those in other stages. 


Three types of SRSCS commands were required for this unmanned flight as 
follows: 


a. Arm/fuel cutoff - Charging of the Exploding Bridge Wire (EBM) 
firing unit and thrust termination. 


b. Destruct - Propellant dispersion by firing of the EBW. 
c. Safe - Command system switched off. 


During flight, telemetry indicated that the command antennas, receivers/ 
decoders, and destruct controllers functioned properly and were in the 
required state of readiness if needed. Since no arm/cutoff or destruct 
comands were required, all data except receiver signa? strength 
remained unchanged during the flight. At 5889 seconds the safing 
command was initiated, deactivating the system. Both S-IVB stage 
systems, the only systems in operatfon at this time, responded properly 
to the safing command. 
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The Launch Vehicle-Lunar Module Test Article/Command Service Module (L¥-L raf 
CSM} was inserted in earth orbit with the range safety system armed, which 
is normal. The satiny command which normally follows shortly after 
insertion was not sent, however, since the S-II and S-IV8 extended burn 
Periods resulted in insertion occurring further downrange, leaving 
insufficient time before Loss of Signal (10S) to safe the vehicle at 

the normal post insertion time. The system was safed during the first 
orbital pass over KSC, 


RF performance of the system is discussed in paragraph 19.5.3.2, 
14.3 COMMAND AND COMMUNICATIONS SYSTEM 


The IU Command and Communication Systen {CCS) is a phase-coherent receiver- 
transmitter system capable of establishing a communication link between 
the Unified S-Band (USB) ground stations and the Il of the Saturn ¥ 
launch vehicle, The operational requirements of the CCS include command 
up-data and downlink telemetry. Turnaround ranging, although not 
mandatory, can be performed, Specifically, the CCS receives and 
denodutates command up-data for the guidance computers in the Iu, 
transmits Pulse Code Modulated (PCM) mission control measurements 
originating in the S-IVB and the IU ta the USB ground stations for 
processing, and coherently retrarsmits the pseudo raridom noise range 
code that is received from the USB ground stations. The CCS physically 
consists of a transponder, power amplifier, and antenna system, 


The perfermance of the CCS command functions was, in general, very 
good, despite the vehicle anomalies. 


The command portion of the CCS transponder performed flawlessly, as 
indicated in Table 14-1. Fifty-two Flight commands and 600 test words 
were transmitted by the ground station, and all were received by the 
vehicle. 


The Mission Control Center-Houston (MCC-H} Command History shows that 
attempts ware made to send two additional flight commands from Carnarvon 
during revolution 3. The first occurred at 16:12:16 Greenwich Mean 

Time tour) and the second at 16:12:30 GMT, 


Records indicate that Carnarvon was unable to transmit either command. 
The 70 KHy subcarrier was off when the first attempt was made 
(Carnarvon was sweeping in order to acquire the downlink), and the 
transmitter was off during the second attempt. 


Table 14-]. CCS Command History, AS-502 


FLIGHT COMMANDS TEST WORDS 
RECEIVED AND RECEIVED AND 
VERIFIED SENT VERIFIED 




















Adequate signal strength far good telemetry was achieved throughout mast 
of the mission, Exceptions occurred at: 


a, Bermuda during passes 2, 3, and 4, where it appears that the CCS 
receiver remained connected to the acquisition antenna, causing low 
signal strength. 

b. Carnarvon during pass 3, as previously described, 


c. Handover problems at several stations caused some data loss. The 
most notable example occurred during Guaymas first pass, when handover 
was attempted before Texas was ready. 


RF performance of the system is discussed in paragraph 19.5.3.1. 
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SECTION 15 
EMERGENCY DETECTION SYSTEM 


15.1 SUMMARY 


The space vehicle Emergency Detection System {EDS} was flight tested in 
the automatic abort closed-loop configuration on AS-502. Launch vehivle 
measurements indicated that no EDS limits were exceeded and the system 
functioned properly. There were some anomalies indicated in the space- 
craft. {See paragraph 15.4.) 


15.2 SYSTEM DESCRIPTION 


The AS-502 EDS configuration was the same as AS-501, with the exception 
that the automatic abort mode was active. There are two parameters 

which are monitored for automatic abort. These are: angular overrate 

and two or more S-IC engines out. These are deactivated by the Instrument 
Unit (IU) switch selector prior to $-IC inboard cutoff. After automatic 
abort deactivation, overrate and S-IC thrust are manual abort parameters. 
The remaining manual abort parameters are: 


Angle-of-attack (AP). 

Launch vehicle attitude reference failure. 

S-I] thrust. 

S-1¥B thrust. 

S-1V¥B propellant tank pressures (orbital phase only). 


Vehicle attitude, attitude rates, and attitude error (spacecraft 
sensed), 


>» oO a0 F a 


Figure 15-1 is a functional diagram of the AS-502 EDS. 

35.3 SYSTEM EVALUATION 

15.3.1 General Performance 

The excursion of the parameters monitored by the EDS sensors remained 


within EDS limits for proper time periods throughout flight, with the 
exception of premature cutoff of $-II engines No. 2 and 3. 
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35.3.2 Propulsion System Sensors 


Three thrust OK sensors are used in each of the F-1 engines and two are 
used on each of the J-2 engines. The F-1 thrust OK switches are voted 
two out of three to give indication of engine out, and the J-2 thrust 
OK switches are yoted one out of two in the logic circuitry. All thrust 
measurements from the launch vehicle indicated proper operation of the 
thrust OK logic. Table 15-1 shaws the thrust switch operation times. 


On marned Saturn ¥ vehicles the $-IVB propellant tank pressures will be 
monitored by the flight crew during the orbital phase of flight. 

Although no provision was made for pressure display in the Block I space- 
craft, the sensors functioned properly.and the tank pressures remained 
within acceptable limits. 


16.3.3 Flight Gynamics and Control Sensors 


The angle-of-attack dynamic pressure product is sensed by a redundant 

Q-Ball mounted atop the Launch Escape Tower {LET}. One output is displayed 
in the command module and telemetered from the spacecraft; the other out- 
put is routed to the IU from which it is telemetered. The maximum aP 
recorded during the AS-502 flight was 0.60 N/cm@ (0.86 psi) at 66.5 seconds. 
The preliminary Saturn V abort limit is 2.21 N/eme (3.2 psi), Figure 15-2. 


A failure of the launch vehicle inertial reference is indicated when 

the platform gimbal angles are displaced excessively for a given increment 
of tire, The limits for AS-502 were such that an angular displacement in 
excess of 0,4 degree must occur in at Teast three minor computation cycles 
of a major computation cycle. Reasonableness test failures must then 
occur 15 times during the next second before an inertial reference 
failure is considered to exist. The maximum gimbal displacenent during a 
single minor computation cycle for AS-502 powered flight was 0.144 degree. 
This represents 36 percent of the rate required for a failure indication 
as stated above. 


Angular rates are sensed by three rate gyros in each axis. The outputs 
of the gyros are fed through filters to rate switches. The rate switch 
settings for AS-502 were +4 40.49 deg/s in the pitch and yaw axes and +20 
41.5 deg/s in the roll axis. When two of three rate switches in any one 
axis indicate an overrate, an overrate indication is given to the space- 
craft; and, prior to overrate auto abort disable, an automatic abort is 
initiated, The maximum angular rates (unfiltered) measured on AS-502 
during the period in which the overrate automatic abort was active were as 
follows: +2.5 deg/s in the pitch axis, 40.5 deg/s in the yaw axis, and 
+5.0 deg/s in the roll axis. There was no indication of any rate switch 
closures on flight records. 


Table 18-1. Performance Summary of Thrust OK Pressure Switches 















































































a aia cee 

$-IC 1 ] ~1.64 148.60 
1 2 -1.64 148.60 
] 3 -1.73 148.60 
2 ] -1.31 148.60 
2 2 -1.31 148.60 
2 3 -1.23 148,63 
3 ] -1.64 | 148,60 
3 2 -1,64 148.60 
3 3 “1.56 148.60 
4 ] ~1.31 148,60 
4 2 -1.33 148,57 
4 3 -1.33 148,57 
5 1 -2.00 144,90 
5 2 -1.92 144.90 
5 3 ~2.00 144,90 
1 ] 153.70 576.49 
] 2 1§3.79 576.43 
2 1 153.77 412,34 
2 2 153,74 412.92 
3 1 153.77 414.18 
3 2 153.74 414,13 
4 ] 153.70 576.49 
4 2 183,74 576.45 
§ 1 183.70 576.49 
§ 2 153.71 576.51 
582.03 747,27 








582.03 747.27 






15.3.4 EDS Sequential Events 


The sequential events pertinent to the operation of the EDS were normal. 
Table 15-2 lists the discrete event times for AS-502 and Table 15-3 lists 
the switch selectar event times for AS-502. 


15.4 INTERFACE CONSIDERATIONS 


Although launch vehicle EDS indications were normal, there were reports 

of anomalies in the spacecraft. These anomalies apparently are related 

ta the transient events which occurred at approximately 133 seconds and are 
discussed in Section 9A, 
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Table 15-2. 





L¥ Engines Armed 





LY Engines Armed 





EDS S-1C Two Engines 
Out 


EDS S-IC Two Engines 
Out 


S-IC Stage Separation 


Q-Ball on Indication 
(+5021) 


Q-Ball on Indication 
(+6D41) 


LET Jettison "A" 
LET Jettison "A" 
LET Jettison "B" 
LET Jettison "B" 


EDS or MAN. Cutoff of 
LY Engines from $/C 


EOS or MAN. Cutoff of 
L¥ Engines from S/C 





ECS or MAN, Cutoff of 


EDS $-IC One Engine Gut 
EDS $-IC One Engine Out 





Discrete EDS Events 


DISCRETE MEASUREMENT DISCRETE EVENT 


ECS ar MAN. Cutoff of 


RANGE TIME (SEC) 
On 


Off 
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Table 15-3. 


FANCTION 


Start of Time Sase | 
Auto-Abort Enable Relays Reset 
Multiple Engine Cutoff Enable 


Launch Yehicle Engines EDS 
Cutoff Enable 


$-IC Two Cngines Qut Auto-Abort 
Inhibit Enable 


§-IC Two Engines Out Auto-Abort 
Inhibit 


Excess Rate (P, ¥, R) Auto- 
Abort Inhibit Enable 


éxcess Rate {P, ¥, R) Auto- 
Abort Inhibit 


Start of Time Base 2 
Start of Time Base 3 
Q-8al] Power OFF 

LET Jettison "A" On 
LET Jettison "B" On 





Switch Selector EDS Events 


TIME FROM BASE (SEC) 





NOMINAL 


Ty 10.0 
7) 45.0 
T, +14.0 
Ty +30.0 


T) +336.3 


Ty +135.5 


Ty +198.7 


Ty +135.3 


Tz +0. 
T3 +0.9 
Tz +2.4 
Ty +36.4 
Tz +36.6 
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SECTION 16 
VEHICLE PRESSURE AND ACGUSTIC ENVIRONMENT 


16.1 SUMMARY 


The vehicle internal, external and base region pressure environment was 
monitored by a series of differential and absolute pressure gages. These 
measurements were used in confirming the vehicle design external, 
internal, and base region pressure environments. The flight data were 
generally in good agreement with the predictions and compared wall with 
the AS-501 data. The pressure environment was well below the dasign 
level. 


The vehicle internal and external acoustic environment was monitored by 
a series of microphones positioned to measure both the rocket engine and 
aerodynamically induced fluctuating pressure Tevels. The measured 
acoustic levels were generally in good agreement with the liftoff and 
inflight predictions and with AS-501 data. The S-IC stage internal 
acoustic levels at liftoff and during flight were somewhat lower than 
static firing levels. No detrimental effects due to the acoustic Tevels 
have been determined at this time. 


16.2 SURFACE PRESSURE AND COMPARTMENT VENTING 
16.2.1 S-IC Stage 


External and internal pressure environments on the S-IC stage were 
recorded by 43 measurements which were located on and inside the engine 
fairings, aft skirt, intertank, and forward skirt. Representative data 
from a portion of these instruments are compared with the AS-50] flight 
data and predictions in Figures 16-] through 16-4. The ambfent pressure 
history of the AS-502 flight is approximately 0.10 N/cmé (0.15 psi) 
greater than the history based on AS-501. The predictions are based on 
‘on wind tunnel data and the 48-hour Observed Mass Point Trajectory 
OMPT) . 


The AS-502 S-IC engine fairing compartment pressure differentials are 
shown in Figure 16-1, The AS-502 pressure data were generally tess than 
the data for AS-501, This was expected as a result of removing the base 
flow deflectors on AS-502. However, the agreement is good and the trends 
are the same. 
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~ The S-IC engine fairing pressure loading is shown in Figure 16-2. The 
AS-502 and AS-501 data agree very well in magnitude and trend. The 
shrouds experienced a crush loading over almost the entire flight because 
their geometry is intended to deflect the air stream away from the S-IC 
engines. 


The S-I€ engine, intertank, and forward skirt compartment pressure dif- 
ferentials are shown in Figure 16-3 as a function of range time. Due to 
the flow deflector removal the AS-502 engine compartment pressure dif- 
ferential was less than that experienced on AS-501 throughout flight, 
This resulted from the compartment being vented inte the shroud base 
region, which also experienced slightly lower pressures on AS-502 as 
compared to AS-501, as will be shown in paragraph 16.3. The intertank 
and forward skirt pressure differentials show good agreement as a func- 
tion of range time. The predicted bands were derived analytically using 
maximum and minimum leakage areas. The intertank and forward skirt 
pressure differentials show a drop between 60 and 70 seconds on both 
flights. This was assoctated with the vehicle passing through Mach t 
and was probably the result of a normal shock moving rapidly down the side 
of the S-II and S-IC stages. On each flight Mach 1 occurred between 60 
and 61 seconds. 


The S$-IC engine, intertank, and forward skirt compartment pressure 
loadings are shown in Figure 16-4. The engine and intertank pressure 
loadings agree well with the AS-501 data. The forward skirt loading was 
greater on AS-502 throughout flight but preseniad no problem since the 
maximum value of approximately 0.25 N/em@ (0.36 psi) was well below the 
aerodynamic design value of 1.38 N/cmé (2.0 psi). The predictions were 
based on wind tunne7 data and predicted internal pressures. 


16.2.2 S-II Stage 


Surface pressure and compartment venting analyses were conducted using 
the AS-502 final OMPT and angle-of-attack data obtained from the S~-IC 

Flight Control Conditioned Data Tape (Q-ball). Atmospheric data were 

obtained from the final Meteorological Data Tape {Met Tape), 


The external flow field at a discrete point on the S-II stage was 
analyzed by means of the semi-empirical digital computer flow field 
program. Since the flow field program assumes that the yehicle has a 
clean configuration the flow disturbances created by the existence of 
multiple protuberances cannot be predicted. The internal pressure was 
analyzed by means of a mu3tiple venting digital computer program. 


Comparison plots of the pressure loading, acting across the forward skirt 
wall, are presented in Figure 16-5. The design, AS-502 flight, and post- 
flight prediction data are presented in the form of maximum-minimum data 
bands, AS-501 flight data are also shown for comparison. Both flight 
and predicted pressure loadings were obtained by taking the difference 
between the respective external pressure values and an internal pressure 
which wes measured at vehicle station 74.53 meters (2934.25 in.) and 
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assumed to be uniform within the interstage. The flight and predicted 
values were in fairly good agreement and well within design limits, 


Comparison plots of the pressure toading, acting across the interstage 
wali, are also presented in Figure 16-5. The design, AS-502 flight, and 
predicted data as well as the AS-501 flight data are shown. The pre- 
dicted loadings were approximately 1.0 N/om2 (1.5 psi) higher than the 
corresponding flight values, however, both fel? within the design limits. 
This apparently large discrepancy was primarily due to the method and 
value of the discharge coe‘ficient used to predict the internal pressure, 
The method was identical to that used ‘or the forward skirt analysis 
where fatrly good agreement was obtained. However, since the boundary 
layer is considerably thicker on the aft skirt regian an increase in the 
venting efficiency, with a corresponding lower internal pressure, may 
result. Note also that a uniform internal pressure was assumed to exist 
throughout the aft skirt compartment for purposes of inflight venting 
analysts, 


Comparison of the AS-502 flight and postflight preditted pressure loading 
acting across the LH? sidewall insulation at vehicle stations 54.2 and 
59.8 meters {2133.86 and 2354.33 in.) is presented in Figure 16-6. The 
flight data for vehicle station 48.0 meters (1889.76 in.) is to be con- 
sidered unreliable pending further investigation and is shown in this 
figure for reference only, AS-501 flight measurements for vehicle station 
59.8 meters (2354.3 in,) are also shown and compare well wtth the cor- 
responding AS-502 measurement, 


The predicted internal pressure histories were computed by means of the 
multiple venting digital computer program using a math model to simulate 
the LHe sidewall insulation venting. The math model was developed 
empirically by matching S-II-1, S-II-3 and S-II-4 ambient blow down test 
data. 


16.2.3 S-IYB Stage 


Pressures on the S-IYB stage were measured by one internal transducer 
in the forward compartment and 2] external and 3 internal measurements 
for the aft compartment. 


Figure 16-7 shows the predicted internal ninus ambient pressure differ- 
entials for the forward compartment together with flight data for both 
AS-501 and AS-502. The vent area for AS-502 was 0.097 m2 (150 in.*) as 
compared to 0.129 m2 (200 in.4) for AS-501. With the trajectories flown, 
the smaller vent area on AS-502 should have resulted in higher internal 
pressures than AS-501 and correspondingly higher pressure differentials. 
Tne lower internal pressures for the first 60 seconds of the AS-502 
flight, 0.034 N/cm2 (0.05 psid}, are attributed to instrumentation 
accuracy (40.52 N/com@, 10.75 psi). 
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Figure 16-6, $-II LHp Sidewail Insulation Differential Pressure 


Figure 16-7 also shows the absolute pressure history in the forward skirt 
for a time interval centered on 133 seconds. The abrupt pressure drop 

at this time is thought to be associated with the 133 second anomaly as 
discussed in paragraph 94.2.1, 


Figures 16-8 and 16-9 show predicted and measured pressure differentials 
and pressure loadings for the aft compartment as internal-minus-ambient 
and internat-minus-external respectively. The flight data fell within 
the predicted band during the critical flight. period and the maximum 
bursting and crushing pressures, 2.0 and 0.55 N/ene, {2.9 and 0.8 Bend 
respectively) are well below the design values, 3.23 and 1.54 N/em 

(4.69 and 2.24 pstd), 
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Figure 16-9, S-IVB Aft Skirt and Interstage Pressure Loading 


16.3 BASE PRESSURES 


16,3,1 S-1€ Base Pressures 


Static pressures on the S-IC base heat shield were recorded by 11 measure- 
ments, 2 of whick were heat shield differential pressures. Representative 
data from a portion of these instruments are compared with AS-501 flight 
data and predictions based on the 48-hour OMPT. The predictions include 
the effects of the base flow deflectors since wind tunnel data on a con- 
figuration without flow deflectors were not available. 


The S-IC hase pressure differentials are shown in Figure 16-10, In 
general, the agreement is good. The AS-502 base pressures were slightly 
lass than AS-501 up to approximately 20 kilometers (10.8 n mi) altitude, 
Beyond this altitude only small differences existed. The lower pressure 
below 20 kilometers (10.8 n mi} was a result of removing the base flow 
deflectors on AS-502. 


The S-IC base heat shield pressure loadings are shown in Figure 16-11, 
Again the AS-502 data were less than AS-501 below 20 kilometers 

(10.8 n mi}. The flow deflector removal on AS-502 lowered the base 
pressure ta which the engine comoartment vents, These heat shield dif- 
ferentials were well within the 1.38 N/cm2 (2.0 psid) design differential. 


16.3.2 S-IT Base Pressures 


The postflight oredictions of the S-Ii base heat shield aft face static 
pressures are evaluated from a semi-empirical correlation of base 
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pressures and heating rates derived fron the hot flow scale model test 
results and AS-501 flight data. The effects of the interstage on the 

base pressures are accounted for in the analysis. The postflight pre- 
dictions of the thrust cone region pressures were based on the AS-501 

flight data. 


Figure 16-12 presents the predicted and measured static pressures on the 
aft face of the base heat shield. It is noted that the pressure distri- 
bution on the base heat shield was more uniform prior ta second plane 
separation, The pressure reached a peak value during interstage separa- 
tion because the J-2 exhaust plumes were confined by the interstage 
resulting in high impingement pressures and increased reverse mass flow 
rates. 


After engines No. 2 and 3 cutoff, the pressure distribution on the base 
heat shield aft face became highly unsymmetrical. This was because 
positions II, III and IV on the heat shield no Janger exoertenced direct 
reverse flow impingement, The pressures at these positions drovoed to 
the ambient level while the reverse flow impingement pressure was 
maintained in position I quadrant. 


Figure 16-13 presents the predicted and measured static pressure on the 
heat shield forward face and on the thrust cone surface. The aressure 
distribution was more uniform in this region as compared to that on the 
heat shield aft face. The pressure rise resulting from S-IC/S-II inter- 
stage separation was also apparent in tne thrust cone region; however, 
it was not as pronounced as that on the base heat srield aft face. Note 
that the pressure in the thrust cone region dropped by a factor of 20 
after interstage senaration, 


Figure 16-13 also shows that a considerable pressure rise existed in the 
thrust cone and heat shield forward face region immediately prior to and 
during J-2 angine No. 2 cutoff at 412.92 seconds. Note that the maximum 
indicated pressures were above the pressure transducer range of 0.0689 Nfem2 
(0.1 psi} and that they were also above the pressures recorded prior to and 
during interstage separation. Therefore, it is concluded that the measured 
pressure rises could not result from the J-2 engine exhaust reverse flow. 
Since the base heat shield aft face/thrust cone region i$ open to the 
atmosphere, and because the measured pressure rise appears to be uniform 
through the base heat shield forward face region, it appears that a very 
sudden and substantial mass injection into this region occurred causing 

the measured pressure rise. For further details see paragraph 6,3. 


Figures 16-14 and 16-15 present an overall view of base region pressure 
instrumentation tagether with the flight data recorded prior to and 
during the engines No. 2 and 3 cutoff time interval. It is seen that 
the recorded pressure rise on the thrust cone surface was considerably 
smaller than the pressure rise on the base heat shield forward surface 
and that a relatively small pressure rise was also-recorded on the heat 
shield aft surface at this time. This was probably due to engine 
gimbaling associated with the cutoff of engines No. 2 and 3. 
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~ 16.4 ACOUSTIC ENVIRONMENT 
16.4.1 External Acoustics 


The external fluctuating pressure environments for the AS-502 yehicle 
were recorded by nine instruments located on the instrument unit, 
S-IVB forward and aft skirts, S-II forward and aft skirts, and S-IC 
intertank, aft skirt and fin D. Representative data for these 
instruments along with AS-501 data and applicable prediction curves 
are shown in Figures 16-16 through 16-19. 


Both the Digital Spectral Analys?s program (Ravan) and acoustic analyzer 
data have been used in determining the plots shown in Figures 16-16 
through 16-19. Due to incompiete data, overall pressure levels were 
obtained by integrating the 1/3 octave band fluctuating pressure level 
time histories for each instrument. Ravan data have primarily been used 
to determine time slices where maximum aerodynamic fluctuating pressure 
occurs. Acoustic analyzer overall levels were computed at these time 
slices to verify the Ravan results. These data remain relatively quick- 
look and may be revised after further analysis. 


The AS-502 external acoustic environment at liftoff is shown in Figure 
16-16. Both Ravan and acoustic analyzer data are plotted for comparison 
with predicted and AS-501 curves. Agreement is generally good, The 
scatter of Ravan, acoustic analyzer, and AS-50] data points is below 

6 decibels except at vehicle stations 2.06 and 63.98 meters (81.10 and 
2518.90 in.) where an approximate difference of 10 decibels existed. 
These differences are still under investigation. 
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Figure 16-16. Vehicle External Overald Sourd Pressure Level at Liftoff 


16-19 


Liftoff sound pressure spectral densities are compared with AS-8G1 data 
in Figure 16-17. Frequency characteristics @ppear similar fcr both AS-S0] 
and AS-502 with the exception of an apparent level shift in three of the 
S-TC stage instruments. Instruments BOdO5-200 and EOCC4-200 are located 
at the same yehicle station but on opposite sides cf the S-I] stage. 
Data from both measurements were similar. The maximum levels indicated 
at launch were 148 decibels and 153 cecibets for BOQ0S-200 and BON04-200 
respectively. Therefore, data are shown for BO004-200 only. In this 
report B0O13-426 on the AS-50] is compared with B00Z5-426 on the AS-502 
flight, since they are at the same location, and appear to indicate 
normal operation. 


Qverall fluctuating pressure levels are shown in Figure 16-18. 48-502 
acoustic analyzer and Ravan data are both compared with predicted and 
AS-501 data. Generally higher levels are indicated on the AS-59? , 
Notably excepted is the IU instrument which shows pointwise draps of un 
to 1C decibels. Further analysis appears necessary. The AS-501 overall 
level for instrument BO002-115 terminated at 90 seconds due to instrument 
failure, 


A 5 hertz component showed up in the data for two measurements on the 
S-I] aft skirt and S-IC intertank section, shown fn Figure 16-19. The 
appearance of this 5 hertz component requires investigation because the 
lower frequency limit, where the telemetry system began to attenuate the 
data signal, was 50 hertz, 


The occurrence of the 133-second transient in the acoustic data channe’s 
is similar to other data records which are discussed in Section 9A. The 
signal increase at this time was significant and requires further analysis. 


Pressure Spectral Densities {PSD) for AS-802 at maximum aerodynamic 
fluctuating pressures are shown in Figure 16-19. Acoustic analyzer data 
was used in the PSD calculations while Ravan data fixed the time at which 
maximums occurred. Similar distributions are evident between 45-501 arc 
AS-50? data with sone level shifts noted, 


16.4.2 Internal Acoustics 


16.4.2.1 S-IC Stage, The S-IC stage intertank internal acoustic data 
from a singl@ measurement is shown in Figure 16-20. Liftoff levels were 
somewhat Tower than those for static firing and were similar to thase for 
AS-501. Flight levels were much Tower than static firing levels and 
generally the same as flight levels on AS-SCl. 


16.4.2,2 S-IT Stage. Two internal microphones were located on the S-IT 
stage as folTows: 


Measurement Saturn, ¥ Station Azimuth Radius 


Area 


Number m (in.) (deg) m (in) 
8001-206 Thrust Cone 42.6 (1677.2} 013° 3.50 (138} 
B002-219 Forwarc Skirt 63.3 (2492.1) 174 4.52 (178) 


16-26 


ZO | JaaUS Ssalqisuac [P4uqzosq¢ 


Tw3k + AINANDIH4 


TP cm a 























Ahids Cerkedd LL-$ 














AGTYS Lip BAI*S 


"Cqwa/W p-G1 * 2 23H) 


ALIGNIN TWH Lads AHASSAHd 


7y/ap 


BUNSSaid PUROS [BUsSIXA SLSLYAA *Z1-91 AuNBL4 


Zig3H + ADNTWIS 








Oi E122), 
w2s'le HLS Hoa 


ae seate * gzp-ctooa 
deta 100d <a05"BbL sate) 
! LOS-S¥y 








LeTNS eves BAI-S 








Moet 
TGP BEST: 

















rl 


ATH LNW 1Y15N) 


zusap 


‘C2 AN g-OL XE 
ALISN30 THHLT3dS JUNSSIIA 


tau) 


*(zmID/H g-O1 XZ 
ALISWIO W8LI3d$ 3HASSIed 


ay) 


zu/99 


16-21 


Z 40 2 YBBUS *SAIZISUAC [PUQIeGS Bunssaug punos [eusazxZ a[DLUaA ~Z|-d_ BuNBL4 


























Zra3H - ,Owardaas Zay3H - ASWAROIS 
00°01 OCOL OGL Ft CoG‘ OL ood ool aL 
1S 0 | BZ 
me TT TT Pty a rH "¢ 
xm 
fe 
3 
a5 
ea 
gF 
OR 
-~ = 
7 es iat 
gate z aero 
ANVL@3LNI JI-5 
RE 
ae 
we 
xin 
a8 
et 


(Cus tx 3580) 
w G2" 2p 
#15 HA 





W 28°25 - lds¥o 
Z9S<Sit 


SLL- 201 
5 td 


& So's 
FLS nda 


LETXS Liv JIS 





zyeSp *{awosy 
ALTSA30 TH 











i3a] 


“deus 6-OL * 2 
ALISNIO TWil}3dS 3xPSS3kd 


74 /qp 


OL X20 194} 
2dS SYNSSIWd 


2Y/gp *(2wa/y 
ALTSNIC WHAT 


16-22 


Z 40 | JaaYS *[9Ae7 Sunsseug Gupqenyon[y | Le4eag LeU4asKy B[9lUBA “BL-9L aunty 


SONUDIS “SHI JONNY SGNOLSS “3WiL J9NE 
ont (veal ool 08 09 op oz 9 aze 00 08 69 Ot 62 0 
4926-52009 t 


a 
= 














-O. 4 2 23d) 19447 
NSIS Td IAG 


“(Ques H g 
FUNSS Fad ONLI 











(ot ap barZ)i 
































w 9E°¢9 i} 
wskit | | a 
TUINS CayMUOd [1-5 ‘& THIAS GHYMYOL BAT~S 
ol oe 
t2P-6 1005 dtus 26° 9¢22) || Si 
rt ae ie Ws 
LS HEA | | =e 
Fs 
O2L te 
r = 
BA 
on +3 
=i qs 
‘ Py RT a6 
susntay zo3-st—/ | | He 
pag Ri 03310384 mit : = 
LOIS La BAI-5 e” LINT LRaWPYLSHI \ 


4 


2} 138 
mean 


aL x 


(qwa/4 
PMNSS tad ONTLALONI 77 


we 
16-23 


3AG 


qp *(2w2/H g-Ol * Z ¢3H) 139A" 
BHNISS3Nd OHI LYNLINAS Twa 


Z 40 Z Joaus 618097] Bunssauq BulLpenzon| 4 LLeAaayn LeuUMd1KZ 3LFLya, “S_-9_ aun 








SUNGISS “GWE ONDE 


13437 
WY 240 





i 


5-Ol ¥ 2 
THMES Te SHIDO LIF 17 





























z 

= 

MNOJMILH: DE-5 & 

Car 

= 

205-S¥ a 

Ravi aed ial z 





al ¥ 2 


eo Ue £57 89Si) 
1 w yeep 
J ULS HBA 


FNS TNC ULI Ve di 


ap (2woen 2-! 


1UWS Ld TI-8 


1a0AS ty f1-S 


16-24 


@ 40 | PaaS “SaLzLsUaq [PUyrads Bunssaug HULYeNYZINL4 [eULS4xXgZ BlLILYaA “G[-9| aunBly 




























































2H 4JNaNJds 7h AQNENG Ted 

aos‘ Cl ous. 2c: OL l 

= 398 £9) 
= QP g9°Rbl » Tda¥C = 
mie ba Ba 
mie ~ Sh. -e 
= “és 
; ae 
> RA 
z foe 
S aO3 
ve at 
Se es 
> ga 
3 “S 

398 09-1 cor 

SP OE PPL = Addo] <p LO'OS| = Idd co] 
cog" =“ oe = "Who se 
+. oscil = 
| i = 
8 


nm «2? 


AEESWIM THHL9.1 








fH pe 


o 
= 
(gue 





TSS US Wille | SH] 


46-25 


Z 40 2 JeYS fSAL]Lsuag [e4qoadsG aunSSaug BuLqgenzon,y LewiazxXy aLobuaA “GL -9L aunBl4 


2H *AQNANDIdS ZH * ADNaNODYS 
ono Ok GOOL coL ob 





00R* OL 





Ico" 

















HI UHL 
MTT] We s ib Tretia W 
& < 0 
a (SS intr ro |" 
"3 itr a 
no 
e~8 
=s%9 C 
<a 
28 
ge oct 
we 
= or! 
08 
zB 
RE 36 
"S 
wo Go: 
gx 8 
359 
“oF Cle 
= 
Le at 
a: 






Aatas LY 31°5 JUIYS day Tt-s 


B-Cl X 2 “Huh 


Tyce 


{zu tH 
SUSNIT WHLITdS aunss aad 


a 


a4) 
SS 38d 


zusqp 


“OIF 2 


(msn 5 
ALISHIO TwHLIadS 38n' 


16-26 


> “AxiMM SPL, dt (0-3000 CPS} [= cp. ore 
WEASUREVENT eer oe 
meine: sare ries B> [assy [ mee [omen an | Y 
$-(C 


TATFAT ARK LNTERNA HLM STATOC FERENG 
BODI-158 “45, 1dz.33T+0.5) 145. 78743 DATA ENVELURE 


—O- 45-501 FLIgT 
GATA ENVELGPE 
we 4S-502 FLIGHT 
TACA ENUES FE 








[E> ugerser esrEazyces Ts @ a Wor én? 


“E Til VALLES 








AWE THE AVERAGE 480 WAA!MUM VESALL 345 MEAS IPED DURI-G ALL THE 
s 


SMF URIS Vik fale i MMT Sen Me nes ADT Date ES a TL es = tine 








20 a 76 tu oF ae loz tay May 9 
PaWc> TIME, SECIS 


Figure 16-20. $-IC Internal Acoustic Environment 


Figure 16-21 presents the measured overall decibel levels versus range 
time. Also indicated in the figure are the maximum expected levels for 
liftoff and inflight acoustics, which are values obtained from Saturn ¥ 
Vehicle Acoustic Environment, R-PAVE-SVE-64-191, August 10, 1963. 


The measured acoustic levels were well under the riaximum expected values, 
particularly in the thrust cone area. The thrust cone internal acoustic 
level was also well under the external acoustics measured on the inter- 
stage, as tndicated in Table 16-1. The differential at liftoff was 13 

to 19 decibels between the aft external and internal measurements. “his 
differential was somewhat larger than expected and is under investigation. 


The forward internal measurement is considered valid. The forward 
external measurement is considered questionable, and is under investigation. 


16.4.2.3  S-IVB Stage. The $-IV¥B acoustic environment was measured at 
four positions, internal and external on the forward skirt and internal 
and external on the aft skirt. 


Envelopes of the composite, 50 to 3000 hertz levels time histories are 


presented in Figures 16-22 and 16-23. The shading between the external 
and tnternal responses indicates the structural transmittability for 
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Figure 16-21. $S-II Internal Acoustics 


sound pressures at liftoff and for boundary layer pressure fluctuations 
in the transonic portion of flight. Also presented are data “ror the 
S-IVB acoustic ireasurements of the AS-501 flight. 


The AS-502 forward skirt levels were in general equal to or less than 
the AS-507 levels. Also the transmission loss for the &S-502 forward 
structure was greater than for the AS-501, 


Table 16-1, S§-II Acoustic Koise levels Comparison 
ef 4S-507 and AS-502 Data 
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Figure 16-23. S-IVB Aft Skirt Acoustic Levels 
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SECTION 47 
VEHICLE THERMAL ENVIRONMENT 


17.1 SUMMARY 


The 4S-502 S-IC base region radiation and total heating rates were more 
severe than those measurec on AS-5C1 flight; also the base heat shield 
and engine gas temperatures were greater and increased more rapidly. 

Loss of M-31 to the level of the crushed core on the base heat shield 

was visually observed cn this flight via the television cameras which 
viewed the heat shield. The S-IC forward skirt thermal environment after 
S-1€/S-II separatior was higher than design. 


Tre gerodynamic heating ervironrent on the S-IC forward skirt, inter- 
tank, engine fairings and firs was slightly higher than 4S-501 data but 
within the predicted banecs. The AS-502 trajectory was a higher heating 
trajectcry than that flown by AS-501. 


The effect of the prevature shutdown of engines No. 2 and 3 on the S-II 
heat shield and base region envtronment was minor. With the exception 
af abrupt spikes due to the engine anomalies, the base reqion thermal 
data compared favorably with AS-501 data. 


Protuberance induced heating effects on the S-I] stage were generally 
below the design and postflight predictions. The temperature data 
from AS-502 was in general very similar but slightly higher than that 
for AS-501. 


The AS-502 S-IVB aerodynamic heating environment was slightly more 
severe than the AS-501 but temperatures were wel] below the design yalues, 


17.2 S-IC BASE HEATING AND SEPARATION ENVIRONMENT 


Thermal enytronments in the base region of tne S-I5 stage were recorded 

by 39 measurements which were located on the heat shield, F-1 engines, 

and base of fin D. This instrumentation included 6 radfation calorimeters, 
19 total calorineters, and 14 gas temperature probes. Representative 

data from a portion of these instruments are compared with AS-501 flight 
data in Figures 17-1 through 17-3. 


The calorimeter radiation and total heating rates measured in the base 


region were more severe than those measured during the AS-501 flight. 
This increase ¢s attributed toa tne removal of the flow deflectors on the 
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AS-502 vehicle. The removal of these flow deflectors allowed the 
exhaust gases to recirculate into the base at a lower altitude. An 
increase in heating had been anticipated from model test results. 


The radiation hunp which was observed at avout 30 kilometers (16 n mi} 
altitude in the AS-501 base flight data was also present in the AS-502 
flight data. The AS-501 flight evaluation indicated that the radiation 
hump may have been caused by a combination of increasing view factors, 
diminishing afterburning with increase in altitude, plume interaction 
regions and hot gas recirculation. AS-502 video tases from S-IC base 
TY cameras indicate that the hot gas recirculation was the main cause 
of the radiation hump. The TY data shows that hot recirculated qas 
reached the base heat shield at an altitude of 12.2 kilometers {6.59 9 mi) 
which correlated with the rise in the radiation heating rates as shown 
in Figure 17-1. This recirculated exhaust flow is fully established in 
the base region at 18.5 kilometers (9.99 n mi} which correlates witn the 
peak in the radiation heating rate data. The TV data also indicated 
that after 36.6 kilometers {19.8 nmt), the base region was clear, 
indicating a significant reduction in the burning of the fuel rich 
exhaust gases in the area. This fact correlates with the dropoff in 
measured heating rates. 


Results from the total and radiation calorimeters indicate that a 
corvective cocling rate was measured by the base heat shield instruments 
to an altitude of 19.8 kiloreters (10.7 n mi) and then changed to a 
smz11 corvective heating rate at the higher altitudes (Fiqure 17-1}. 
However, the average calorimeter effective wall temperature is 350°K 
{170°F) which, wren compared with the lower gas temperature curve in 
Fieure 17-1, irdicates that the calorimeters should experience convec- 
tive heating at altitudes above 10 kilometers (5.4 n mt), A different 
trend is noted in Figure 17-2 for the F-1 engine nozzle extension 
calorimeters near the nozzle Tip, where convective heating was present 
from liftoff to a maximum value of 11.35 watt/em2 (10.0 Btu/ft2-s} at 

an altitude of 18.3 kilometers (9.86 n ri). Comparison of the average 
calorimeter wall temperature with the gas temperature curve in Figure 17-2 
also indicates that the engine nozzte extension calorimeters received 
convective heating throughcut the flight but at altitudes above 

24.4 kilometers (13.7 n mi) was negligible. No appreciable difference 
was noted in the convective heatirg measured by the calorimeters on 

the heat shield or engines when comparing the two Saturn ¥ flights. The 
base heat shield and engine gas temperatures were greater and rosc more 
tapidly than those measured on the AS-5C1. This, however, is not 
reflected in the total and radiation calorimeter data. 


The total heating rates measured by the célorimeter cn the base of 

fin D are compared with the AS-501 flight data in Figure 17-3 and show 
the two to be approximately the same. The initial rise in heating 
occurred at 12.2 kilometers (6.59 n mi] which correlated with the 
recirculated exhaust gases reaching the heat shield as observed on the 
TY cameras. The second rise and peak in the curves occurred at about 
the time that flow sepavation occurred and was probably caused by the 
hot gas from the plume moving up the side of the vehicle. 
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Figure 17-3. S-IC Base of Fin D Total eating Rate 


The heat shietd temperature history is fllustrated in Figure 17-4. 
Average cold side and bondline (honeycomb/M- 31 letertece! temperatures 
were 345 and 458°K (161 and 364°F), respectively, versus 333 and 380°K 
(139 and 224°F) for the AS-501 flight. This increase may be attributed 
to the deletion of the base flow deflectors on the AS-502 vehicle 
resulting in higher total heating, However, as indicated by the dashed 
Hines showing predicted maximums, the data is well within design limits 
except for the measurements CO32-106 and C033-106. These two thermo- 
couples were Tocated 4.22 meters (166 in.) radially from the heat shield 
center on Position Line I]. At 96 seconds, the sudden increase in 
temperature could be caused by local loss of M-31 to the level of the 
crushed core. A similar failure occurred on the AS-501 vehicle. Note 
the respanse af €033-106 in Figure 17-4 indicating that it suddenly 
became expased to the base region gas but did not fail. Loss of M-31 

is substantiated by the correlation of the output from C032-106 conpared 
in Figure 17-4 to a reconstructed curve. This curve was computed using 
the AS-502 radiation and gas temperature data and the desiqn heat trans- 
fer coefficient assuming 0.407 centimeters (0.16 fn.) of M-31 was lost 
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Figure 17-4, S-IC Heat Shield Thermal Environment 
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from the aft surface (to the level of the crushed core) at 95 seconds. 
The reconstructed temserature of the forward surface using the same 
assumptions is also showy in Figure 17-4. M-31 loss to approximately 
the level of the crushed core was visually observed on AS-502 via the 
television cameras which viewed the heat shield. These cameras alsa 
showed tearing of the inboard flame curtain fiberglass cloth protective 
covering. This was expected and does not indicate flare curtain 
degradation. 


M-31 insulation loss occured at 110 seconds on AS-507 and 95 seconds 
on 45-502 which appears to be a random process and may occur at almost 
any time during flight. The effects of this loss at various times was 
comauted and the results presented in Figure 17-5. Note that the loss 
of M-31 at 20 seconds would result in outboard engine cutoff temperatures 
of 863°K (1094°F) at the af+ honeycomb face sheet and 535°K (504°F* at 
the forward honeycomb face sheet. The maximum allowable temperature 
for the forward face sheet is 423°K (302°F), However, this is inter- 
preted as a design goat and testing showed the heat shield capable of 
withstanding temperatures above this level. Actual limits for either 
Face sheet are not defined at this time but are being examined to 
determine whether a potential problem exists, 


Correlation of computed temperatures with heat shield data, as shown 
in Figure 17-4, for the first 70 or 80 seconds of fliyht was not good. 
Examination of the data indicated that the actual M-31 conductivity 
must differ from the published data. Laboratory testing has shown 
that the M-31 insulatian is hygroscopic and the wet conductivity would 
therefore differ fron the published dry value. The heat shield tem- 
perature at the M-31l-honeycomb interface for both AS-501 and AS-502 
increased rapidly after engine ignition to approximately the bojlina 
point of water, Thereafter, the temperature followed the saturation 
curve for water as ambient pressure decreased with altitude until about 
70 seconds, and then the temperature increased as would be exnected 
when the water was completely boiled away. The fast rise tine of tke 
interface terwerature early in flight is only partially accounted for 
by the increased conductivity of the wet M-31. If it is assumed trat 
the transmissivity of the 4-31 is greater than zero, this difficulty 
can be resolved. Hence, there are four factors that acting tooether 
could account for the observed temperature history. 


a. Increased conductivity earty in flight due to the presence of 
water in the M-31. 


b. Transpiration cooling due to water boiloff in the M-31. 
c. M-31 transmissivity greater than zero. 


d. Decrease in conductivity later in flight due to outaassing es 
altitude is gained. 


Analytical verification of these factors is now under way. 
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It is apparent that the heat shield is capable of withstanding the thermal 
environment with the flow deflectors removed. The bandline and cold side 
temperatures were below levels to which the panels have been subjected 

in corb‘ned thermat-acoustic qualification testing. 
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Figure 17-5. $-IC Thermal Environment Effect of M-31 Loss 
on Heat Shield Temperatures at OECO 


Temperatures measured on the engines were very close to the AS-501 flight 
data. Temperatures under the insulation on the qimbal actuator and on 

an outrigger remained below 313°K (T04°F). Temperature on a fuel dis- 
charge line reached 315°K (107°F) and the ambient air temperature under 
the engine cocoons ranged from 293 to 328°K (68 to 131°F) at the end 

of flight. The time-temperature data from <he thermocouples located 

on the heat exchanger bellows, turbine exhaust manifold, and nozzle 

are plotted in Figure 17-6 for both flights. 
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Figure 17-6. Thermal Environment, Temperature Under Insulation 
On Inboard Side of Engine No.) 


17.2.1 S-IC/STE SEPARATION 


As shown in Figure 17-7, gas temperatures during separation were similar 
to those measured on AS-501. Two spikes in gas temperature were pre- 
sent, corresponding to separation and J-2 engine ignition. The fact 
that the first spike peaked at a lower temperature on AS-502 than on 
AS-501 may be due to the elimination of four of the eight S-II ullace 
motors on AS-502. The second spike is related to J-2 engine ignition. 
Data from the separation extensometers indicate that the separation 

rate for AS-502 was slightly slower than for AS-501. 


The forward skirt skin temperatures measured during separation are 
shown in Figure 17-7 and are similar to those experienced durine the 
AS-501 flight. The LOX tank dome temperatures during separation are 
shown in Figure 17-7. These temperatures were considerably lower than 
those measured on AS-501 which were as high as 473°K (392°F). This is 
orimarily due to the fact that the LOX dome thermocouples were covered 
with an insulating material on AS-502 thereby isolating them from the 
thermal environment causing them to read near the actual dome temper- 
ature. Three of the four measurements show a temperature drop at 
separation which jis attributed to residual LOX impinging on the 
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dome. Mast of the pressure data in the forward skirt area during 
separation was lost due to the Radia Frequency (RF) blackout, however, 
pressures of 0.857 N/cm@ (1,243 psia) were measured as compared to a 
5.18 N/em@ (7.52 psia} naxtmun on AS-50T. 


Several ninor failures occurred after separation on both AS-501 and 
AS-502 which are attributed to the separation enviromrent. These 
include a shorted caale on AS-501, loss of two LOX tank ullage pressure 
measurements on both AS-50% and AS-502, failure of a LOX vent and 
relief control pressure Tine an AS-502, and failure to eject three of 
the four S-IC cameras om AS-502 as discussed in oaragraph 5.9. Suf- 
ficient instrunentation was not available on AS-502 to determine the 
severity of this environment. 


Assuving that these failures were due solely to overheating, extensive 
studies were made that indicate a separation environment of about twice 
the design values would be required ta cause failure of the aluminum 
tubing associated with the LOX tank ullage pressure measurements and 
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Figure 17-7. S-IC/S-II1 Separation Thermal Environment, Sheet 1 of 2 
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S-IC/S-IT Separation Thermal Environment, Sheet 2 
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the contrai pressure line, This closely correlates with the environment 
required to match LOX dome thermocouple data from AS-501. This severe 
environment may exist only in isolated locations in the S-IC forward 
skirt. “his condition cou’d exp’ain the fact that on"y a few fai'ures 
occurred. Efforts to more accurate y define the separation environment 
are continuing. 


17.3 S-i1 BASE HEAT SHILLD AND SEPARATION ENVIRONMENT 


The post flight predicted total heating rate values are based on hot 
flow scale wodel test data. These data include the effects of the 

cold turbopump exhaust gas injection in the J-2 nozzle on base heat 
shield total heatina rates. The postflight predicted radiation heating 
rates were analytically obtained by means of a digital computer program, 
which uses the method of total hemispherical emissivity derivatives, to 
compute the incident radiation. Engine performance, i.e., Engine 
Mixture Ratio (EM2), chamber pressure, temperature, and gimbaling 
effects on convective heating rates are taken into account. 


The AS-502 flight base region total heating rates Tave been normalized 
to the 295°K (71°F) cold wall condition. 


Figure 17-8 shaws the maximum-minimum Sand of total heating rates to 

the aft face of the base neat shield tiroughout S-II boost. The post- 
flignt prediction and AS-59] flight data are also shown for comparison. 
It is seen that, initially, the postflight prediction heating rates 

are higher than the flight data, otherwise, good agreement was obtained. 
Initially, the AS-501 actual heating rates were higher than the corres- 
ponding AS-502 values. The sharp increase in heating rates during 
interstage separation was due to the interstaqe-cxhaust plume impinae- 
ment which resulted in a higher reverse mass flow rate, increased gas 
temperatures, pressures, and hence heating rates. 


A small abrupt increase of base heat shield total heating rates was 
abserved at approximately 319 seconds in the vicinity of the No. 2 
engine, as shown in Figure 17-8, Sheet 2. This figure shows that at 
the same time the heat shield temperature qradient also increased ir 
this region. It should be noted that at 319 secands a slight drop 

in No. 2 engire chamber pressure occurrec. Since no changes in engine 
gimbaling were observec during this time perfac, it appears that the 
only possible cause for this jnereased heating could te an abnormal 
change of the enaine performance, for example, an increase in the EMR. 
Under normal operations this would result in a corresponding increase 
in chamber pressure. The opposite trend was observed in this case. 
For further details see paragraph 6.3. 


Fiyure 17-8, sheet 2, shows the AS-502 flight radiation heating rate 
to the base heat shield in the vicinity of No. 2 engine. lt is seen 
that a slight abrupt increase in heat rate occurred at approximately 
319 seconds. This increase is insignificant with respect to the base 
heat shield total heating rate. However, it is noteworthy that this 
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increase occurred at the time when: 


a. No. 2 engine charber pressure registered a slight decrease. 


b. One surface temperature transducer and two total heating rate 
transducers in the same region showed an increase. 


Analysis of engine performance and gimbaling data for this time period 


indicates that an EMR increase is the most probable cause for the 
increased radiation heating rate. 


ERATING RATE, waceécmd 


VER 
(162 


(858-706 
072).206- 


C?22- 


STA 41. an 
9.924 







206 






0717-206 


=U 687-206 
~Ci20-208 


Benes 


tna meres bre 


©OABMLMUY aan 
GG UCD ae 


G, Swe Oo a 





Figure 17-8, 


350 40 


Vv ESC, 149.76 


vv SECOND PIANE SEPARATIIN, 179.06 


WY ENG NO. 2 AND NO, 3 Our, 
912.92, 414.16 
W Psa SHIFT, $90.76 


W cco, 676.33 
Ud, 


A$-502 FIGHT DATA 


(] 43-502 preorcits 


AS-501 FLIGHT DATA 


a! 

7 
aaa, Le. YY 

fe 
| ly Pea 


a 44u 


RANGE TIME, 3ECONES 


S-II heat Shield Aft Face Heating Rates and 
System Temperature, Skeet 1 of 2 


17-12 

















PEATING RATE, Btu/ft2-s 








W292, ae 


E SPIE, 3:9 





YF ena wo. 2 rere: 
@ UNG FO. 2 s¥b 



























17-13 


ye2ade Tay’ s 








“00 AMT Ye 


oe 

















S-I] Heat Shield Aft Face Heating Rates and 


Surface Temperature, Sheet 2 of 2 


Figure 17-8, 


Figure 17-9 presents the AS-502 flight and postflicht total heatirg 
rates to the thrust cone surface. AS-501 flight data is indicated fer 
comparison. It is seen that the postflight predicted total heatirg 
rates are in very good agreement with flicht data. Prior te secanc 
plane separation, the AS-501 heating rates were slightly Tower than the 
corresponding 45-502 values, hawever, the tasic heating rate trend is 
repeated very closely during botr fligkts. 


Figure 17-9, sheet 2, has a comparisen plet for three individual thrust 
cone total heating rate measuremerts for the £S-501 and AS-502 flights. 
It is seen that at approximately 225 seconds the AS-502 fliqht total 
heating rate transducers indicate a gradual heating rate decrease, as 
compared to the AS-501 data. Sirce no change of the J-2 engine 
defiectians or performarce was ratec during this time in fliaht which 
could cause this reductien ir heating rate, it is believed that this 
was caused ty &@ cryogenic leak in the base reqion. 
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Figure 17-9, S-If Thrust Cone Total Heating Rates, Sheet 1 of 2 
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Figure 17-9. S-I1 Torust Cone Total Heating Rates, Sheet 2 of 2 
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Figure 17-10 presents an overall view of the thrust cone reating rate 
reasurement locations and their performance during the time period orior 
to and after engine No. 2 cutoff. All the instruments indicate that the 
thrust cone experienced a sudden increase in heating rates and tem- 
peratures during a very short interval at the time af engine No. 2 cutoff. 
The increase appears to be Spread over a very wide region and is 
unrelated to the location of the instrument with resnect to engine No. 2, 


A carresponding plot of engine curtain gas temperatures and base heat 
shield forward face surface tenperatures is snown in Fiqure 17-11, It 

is seen that all] but one of the gas temperature transducers exceeded 
their maximum range of 422°K (300°F). Several discrepancies are obsevved 
in Figure 17-11. These are: 


a. The indicated heat shield surface temperature in the vicinity 
of engine No. 3 exceeded the recorded gas temperature value in 
that region, 


b. The surface temperatures appear to "veak out" at approximately 
370°K (206°F) while the transducer is set far a maximum yalue 
of 590°K (482°F). 


c. The "peaks" have a different duration, and several of the 
indicated vajues finally droo below the value recorded prior to 
engine No, 2 fatlure. 


& similar trend was exhibited by the base vegion pressure instrumentation, 
as shown in Figures 16-13 and 16-14. Therefore, it anpears that the hase 
heat snield forward face temperature transducers indicate the correct 
trend, if not tre correct level. 


In general, base region temperatures at lifte*f were colder for AS-502 
tnan for AS-501. This was due to controlling the oneration of the 
engine compartment conditioning system ta a Tower temperature during 
prelaunch operation. AS-502 ambient, structural, and coripanent 
temaerature characteristics were similar to those for 4S-SOT far the 
first 225 seconds of flight. After 225 seconds, data from AS-502 
ambient, structural and component temperature transducers located in the 
reqion forward of the heat shield and outboard of engine No. 2, as noted 
in Figure 17-12, show an abnormal cooling crend ‘ndicating a cryogenic 
leax near No. 2 engine. 


The normal S-I1 boost temperature history trend far ambient temperatures 
in the region forward of the heat shield is shown by the AS-501 
temperature data in Figure 17-12, The amb*ent temperatures increase 
with the interstage on and then decrease after interstage separation 
along with a decrease in base heating. Ambient temperatures forward 

of the heat shield leveled out and began increasing 250 seconds after 
AS-501 liftoff. On AS-502, the tenperatures followed the same trends 

as the AS-501 temperature data until 225 seconds after liftoff when, 


17-16 


sazey Buryeay uolzeLpey pur Le}O1 au asn4ayL TI-S "Ol-£1 aaniey 


SONOS4S “NLL FONE 


PU. be. BgSL) Wop se Sty ele Ue 
































S-235/038 ‘FL¥e ONILYSH WIOL 





= 


— 
£ 


! I ite sc 
Mb peng = Ss 
OTE ‘ Sf 
wis an = 
3 
3 
e 
£ 
g 
oF 
SONOD36 “BKEL JOhey SUSUDTS “ANT SNH 
tly Sth el cle Sie eb LL 
oe : 3 
SONDIIS "IMI 7A 
a 7 fob Sly Ele Lue 
3 4 
Ur oe & = ss 
3 = S # 
= S oc = & sy 
es = “R Rw ai FS 
ue & z 3 3 : 
ee Zz = =, m 
4 =, ea 
3 a & E>. S “f 
z Y . S 8 = 
nm 2 si a = 2 
ot = ue 2 i 
 g 2 Gd 5 PS 
a Be a Poa : 
g “ Ro ® 
Ey z 
azn 2" > 
rs 
a 











17-17 


de ‘TH vn dnd 


o3 


it 


SaN003S “NLL aud 


ovr 


uzb 








Ay "WALYEAdhIL 


Bnjesaduas aoe4 puemio4 plalys 23H TI-s 


THCIES *3 


SONOGIS 'IWIL JOYE 














Orr 
z 4 
3 z 
g 3 
2 = 
2 64 
a dh3L S49 Zz > new 
oF = 9c ELS) “4 
OE 
n a 
3 3: 
2 e 5 
= ie 
: 2° dadl 21S 
« os gug- SES 











* Seu tydddwad 


“SUNLYadWa. 


awa SYS 
Onz- pad 


dy 


Ns 





“LL-ZL Ounbey 


ri Fi 





aCp 


an.od qn. 


SOWGIT5 “TAIL 
ua ober 22! 





#4, 
7 ool 


02 


Sot 
" fed 
nee 





Sdhil 


“Ist xa 


te 


17-18 


"K 


ATURE, 


TENP. 


CHILLGOWY OF ENGINE COMPARTMEKT 













G43 fAZSD IN VICE 
0. 2 JESINNING AT 






TARIIST CONE 
CLOSECLT 


CONTAINER 206931 
{CUBU-70b) 


IL StSTEM 
EWC 8. Z 
1Oh97 202, ce$¥-2702 
£700-202) 


REAT SHCEIL 


NGPWTER ENGINE BEAM 
(C9e7-2Ub} 


AMBIENT WIMFC2ATLKES TY AESCON 
BETWEEN FRAT SHIELG ASD CLOSSOUL WFAF 
SISSTAHTIALLY COOLER AFTER 225 SECGRDS 
THaH OM #5-50) 

(0286-238, Co71-266, 672-208) 






ESC, 149. CNG 4D. 2 CUTOFF. 412,92 
Vv bated oo SO. 2 CUOFF, 454,°6 


WY secre PLANE SEPARATIDN, 179.96 Vv PMR SIITFT, 430.76 
W Eis 90, @ PERFORMANCE SHIFT, 414 NG ENG NO. ©. 8, AG COTOTF, 578.32 








CNGISE COMPARTMENT 
BAS, True 


& 























RANSE TIME, SECON2S, 


Figure 17-12. Engine Compartnent Gas Temperature 
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instead cf leveling out and increasing, they began decreasing at an 
increasing rate as shown in Figure 17-12. AS-502 hydraulic system 
temperatures for engine No. 2, container 206A31 equipment mount 
temperature and center engine beam temperature also showed cooling 
trends between 250 and 290 seconds when compared with resvective AS-501 
data. Since AS-502 hydraulic system temperatures for all engines 
except engine No. 2 appeared nannal and the anly container temperature 
Which appeared abnormal was a container located on the thrust cone 
over engine No. 2, it is believed that a cryogentc Teak occuvved near 
this engine during the flight. 


In the region forward of the heat shield and below the thrust cone and 
LOX tank, flight data show soikes occurring in the heat shield “orvard 
face temperature. The ambient temperature in this region, shown in 
Figure 17-12, exhibits a spike at 412.6 seconds, just prior to the 

time of engines No. 2 and 3 cutoff. These tenperature sp*kes correspond 
ta the time of pressure increases discussed earlier in paragraph 16.3.2. 
smaller temperature spikes were noted on the thrust cone. These 
temperature spikes are believed to have been caused by release of hat 
gases from engine No. 2 just prior to its shutdown. Thrust cone 
temperatures also spiked at second plane separation due to the increase 
in base heating explained earlier in this section. 


The temperature spikes indicated by structural temperature measurements 
were probably more of an indication of transducer temperature rather than 
actual structural temperatures. 


Center engine beam temperature, and LOX tark external skin temperature 
appeared to erratically fluctuete between 412 and 455 seconds. Since 
the heat capacities of these structures are large, it i$ doubtful that 
the recorded temperatures were actual structural temperatures. It is 
possible that the transducers separated from the structure to which 
they were originally tonded, in which case, a very small change in 
heating and cooling would cause the fluctuations and these transducers 
would then irdicate arbient temperature after debonding, 


Temperatures recorded during the AS-502 flight on the aft face of the 
base heat shield are compared in Figure 17-13 with design, AS-501 actual 
and AS-502 postflight predicted temperatures, The AS-502 data were well] 
below the design and compared favorably with the 4$-59] data and AS-502 
postflight predictions. The lower temperatures in the 4S-501 band were 
due to the added heat capacitance of a special steel transducer mount 
used on AS-SOT. The actual AS-502 temperatures deviated from the actual 
AS-501 data at the time of engines No. 2 and 3 shutdown (approximately 
413 seconds) due to a decrease in base heat rates presented eartier in 
this section, The naximum AS-502 actual temperature af 736°K {865°F} 
occurred at 413 seconds, and is in agreement with the maximum of 74] °K 
(875°F) recorded on AS-501, The design temperatures were calculated 
using the maximum design environment, and the pastflight predictions 
were based on postflight sredicted heating rates. 
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Figure 17-13, S-II heat Shield Aft Face and Thrust Cone 
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Thrust cane temperatures were slightly lower on AS-502 than on &S-501 
as shown in Figure 17-13 which presents a typical thrust cone surface 
temperature measurement. This was due to lower base heat rates on 
AS-502. Design and AS-502 postftight predicted temperatures are also 
shown in this figure, and were based on the maximun design environrent 
and postflight predicted heat rates. 


17.4 S«II/S-1IVR SEPARATION ENVIRONMENT 


During separation, the retro motor heating rates of the S-IVB structure 
for AS-501 and AS-502, listed in Table 17-1 were similar, indicating 
only small di fferences in the plure impingement environment. Data 

from the calorimeters indicate that the heat flux to the J-2 engine 

was somewhat higher on the AS-502 than on AS-501 {but three to six times 
lower than that experienced on uprated Saturn 1 flights). Predicted 
heat fluxes are also shown in Table 17-7 and indicate that they were 
within the maximum envelope expected. 


Table 17-1. Retro Motor Plume ‘eating 
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17.5 VEHICLE AEROHEATING THERMAL ENYIRONMENT 
17.5.1 S-IC Staqe Aeroheating Environment 


The aerodynamic heating environments were measured using thennocounles 
attached to the backside of the structural skin on the S-IC forward 
skirt, intertank, engine fairings and fins. Generally, the aerodynamic 
heating environments and, Consequently, the skin temperatures were 
within prediction bands, below design limits and slightly higher than 
AS-50% flight data. 


Figures 17-14 through 17-16 show comparisons of AS-501 and AS-502 skin 
terperatures and the heat'ng rates derived from these temperatures . 
Post*light sinulated skin terperatures are included for comparison, 
The sisulation o* the tin skin temperatures includes 0.284 watt/cm 
(0.25 Bru/fte-s) for plume radiation, but did not consider effects of 
flow separation. Skin temperatures on the forward skirt remained 

at a nearly constan= level throughout powered flight as seen in Figure 
17-17. The slight downward trend of skin temperature until about 

80 seconds follows the trend of the forward skirt compartment gas 
terperature. At 80 seconds, the free Stream recovery temperature 
begins to rise rapidly causing the slight upward trend in skin tem- 
peratures from this pont on. 


Intertank temperatures closely followed the trend of AS-501 flight data, 
As shown in Figure 17-17, inteartank temperatures were within predicted 
values throughout flight, and inittal temperatures were slightly less 
than ambient due to the cooling effect of the gas in the intertank 
compartmenz. The cool*ng during the first 70 seconds of f ight followed 
the trend of compartment and free stream ambient gas temperatures. At 
70 seconds, the ‘ntertank area started to respond to aerodynamic heating 
and temperatures continuously increased until separation, reaching a 
maximum 343°K (158°F). The results of an integration of the calculated 
heating rates on the intertank and fin indicate that the AS-502 vehicle 
received a slightly higher tata? heat input than AS-501, 


The aerodynaric healing to the body, fins, and engine fairings was 
interrupted at approximately 110 seconds by flow separation. The flow 
separation results from expansion of the F-1 engine plumes and, con- 
sequent’y, hot gases are recirculated up the vehicle side. The qas 
temperature and heat-transfer coefficient in the separated reqion are 
expected to be less than those which would have been experienced if 
separation had not occurred, The temperature increases during separa- 
tian were mast likely caused by the radiation from the hot rectreutated 
gas. The hot gas radiates energy because of the high emissivity of the 
carbon partic’es present in the recirculated flow. The resulting change 
in the heating rates can be noted in Figure 17-14 through 17-16 between 
110 and 135 seconds. The increased heating due to flow separation did 
not constitute a detrimental heating environment. Flow separation and 
subsequent hot gas recirculation up the side of the vehicle has been 


37-23 


Burzeay O1weUApoay 91-$ ~“pE-£, aunBLy 


SONGSIS ‘AWLE Jandy 


SONO23S “arflL FONYY 























0% OL 08 ay a 
031 02k ca op a t 
& és e° a a 
= a ms A = 
= a Fe NOMI IRA se 
a e 8 LM1Wisou], % 
= wi de. = 1 rm 
a nOLIa ad x de = 
. IHYE 150d - 2 & 
2 5 
Fs z § £ = 
3 3 f : 
« | $ a 
ab 1 : . a - ic 
sca WOH A a nSeN . Aa caewe CaN MATTE 
NO O3S¥9 Salve 1 ; 
sod Ue é 
f —bie-kye 


vu la wid 





5 





g 8 


a Lva3dWIL NIA 
dg ‘FUNLWYIANIL 41¥S 
Yo “SUMAVHIGATL NTAS 


2 


dn “SMULPIdw3L NOS 


Yo 






17-24 





S-24s (N38 “LW ONT AYN 


(Q NId) SNTuivd 3NIONZ 


DL‘ -88> 


do *FANLWYIdML KINS 


Oss 


Burqeay oumeuApossy Bulalej aurbuz 31-$ 


SQHITIS ‘wll 29a%4 
ozL 0B or 0 











it29103ed | 
LO? 141894 





anoey_nmous "1 aaynsv3a 
WO C3ISvB S3iva On) Lv3H 


NOTTS 
LHOTU_1Sha 











ZNO /190 SFINH OWT L3H 


Mo *FUMWYIdHIL INS 


v4 SWILY3H 


2asinyg * 


“GL-ZL aanbiy 


net) 


SONGIZS *IW11 JONAH 
a1 08 Os 





NO1LITa3Ha 


LrO1 141808 


Jace NMOHS ML Gaunsyaw 
NO CaSv@ Si:VH ORTiVSH 





(9 Nid} ONISt¥S INIIND 


BG 1-883 


SUN ewe AdW21 NTAS 


dy ' 














Peete Lame OL LBA E | 


Aq *SBNAVEIMNAL WES 


17-25 


Bulqeajy. slweudpoway uly JI-S "Ol-Z, aunbL4 


SCNOIIS "IW: 3ouyy SOWOI3S “AWil JENYE 
a9L Oz1 oR a Di) 












iJ Ld =] 
= & Fs 
2 
Fi 4 2 
g & . 
a : : * g ay 
& . _NOILO103x4 ny > ' 
foo] rota soa. ~~ i“ NOTLDIGRd © — 
f OI . 
7 IA0GY HMOHS ") g3unsyaW ag nd 
NO O3S¥8 S3L¥y SNLIWSK - : 
: JA08Y KMOHS M1 azUNSy¥aW 
MO O35¥9 S3Lyy OMILYTH 
(a wa) (@ wis) 
SONODIS "3W1L SONY SONDDAS “SATL 39M 
ews O9| D2L 08 Ob a o9L cel 08 ov Q 
g : E z° 
2 = = 
= : ~ 
3 ¥ Z 007 
z FS 2 cop é 
= Bo Au NOLL INWIS 
5 Fa z f AHSI1# 280d 
: - ~ 009 mmeens-sys -e 
o = S 
7 eu : 


029 






2ua/a9em “Flve ONT LV IE 


17-26 


Yo *FANWaFeW3L NINS 


iol 


MPESAT JRE 


ILMPERG SURE, °< 





Fors 








ICTED MBX (TUM 






























































RANGE TIME, SECONDS 








PREDICTED 

















oes 


Sits. 
SSS GAS 


SSS 






































6 a) 
RANGE TIWE, SECONDS 


Figure 17-17, $-IC Body Aerodynamic Heating 


17-27 


Mf 


TFMPC3Ai URE, 


TRYPERSTJIRE, ~F 


Noted in AS-50] and AS-592 Flight optical data. Flow separation was 
oaserved an the Saturn I and IB flights and was anticipated on the 
Saturn ¥. 


Flow separation results fron the expans‘on of the F-1 engine plumes at 
the higher altitude. The plumes create what could be considered a solid 


the side of the vehicle separates or begins ta turn before it reaches 
the plumes. Figure 17-18 itlustrates the flow field which is obtained 
after separation occurs. Hct gas {s fed into the separated reqion 
from the base region and glure interface. The base region hot gas 
results from the engine exhaust flows impinging upon one another and 
forcing some af the exhaust gases toward the base heat shield. 
Separation, once induced, will continue until outboard engine shutdown. 
As the plume diareter expands with altitude, the point of flow 
separation moves forward along the vehicle. 


Flow separation on the AS-501 and AS-502 flights was first observed 
between 105 and 110 seconds. Measurements have been made of the point 
of flow separation for various flignt times and are shown in Figure 
17-18, It is noted in this figure that the separation region extended 
beyond tne too of the S=IS forward skirt just prior to Stage separation, 
The observed blackness on the stage may be a carbon deposit rather than 
paint being burned. 


Temperatures on the aluminum portion of the fairings (forward of the 

heat shield) fell within a narrow band reaching a maximum of 573°K 
(§72°F) at the end of powered flight as seen in Figure 17-19. 
Temperatures at the end of Flight were about 40°K (72°F) hiaher than 
those attained on AS-501. This was due to the higher heating trajectory 
flown by AS-502 as seen in Figure 17-20 which compares aerodynamic 
heating indicator for AS-501 and AS-5C2. The initial rise in temperature 
at zero seconds is attributed to iritia? incident plume radiation. 
Predicted maximum temperatures were not exceaded on the forward fairing 
and no severe temperature gradients were ohserved. 


Temperatures cn the titanium portion of the fairing are shown in the 

lower graph of Figure 17-19. Temperatures followed the expected trend 

and are well below the predicted maximum. The slightly higher temperatures 
experienced on AS-502 compared to AS-507 were to be expected due to the 
higher aerodynamic heating trajectory flown by AS-502 and the slightly 
more severe base environment. The narrow flight data band indicates 

the lack of any severe temperature gradients on the aft fairing. 


Temperatures on the thrust structure followed the expected trend and 
although the predictian was Slightly exceeded at 125 seconds, this 
presented no problem as the temperatures were within design capability. 
Since aerodynamic heating effects in this area are thought to be less 
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Figure 17-18. Forward Location of Separated Flow 
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Figure 17-19. S-IC Thermal Environment 


17-30 








3c 






































62 40 3 
g if 
z A 
x ee 
= 3 
: wy 
= a0 = 
; re 
y, 2 
= 2a 
20 
10 
0 0 






























“70 iy 20 40 50 a0 1c0 120 140 169 
RANGE TIME, SECONDS 


Figure 17-2C. $-IC Thermal Environments Aerodynanric 
leating Indicator (AHI) 


severe than the desiqn levels it is concluded that radiation from the 
plume and burning gases in the separated flow region accounted for the 
fact that temperatures excccded the predictions in this area. 


Temperatures on the wedge section of the fins were about 60°K (108°F) 
higher on AS-502 than on AS-501 as shown in Figure 17-2) due to the 
higher heating trajectory. However, the predicted maximum temperature 
was not exceeded and the relatively narrow flight data band indicates 

an absence of any severe temperature gradients on the fin wedge section, 
The initial rise in ternerature at liftoff was due to burning exhaust 
gases ard initial plume radiation. 


Temperatures on the flat section of the fins were af the same order of 
magnitude a$ those on the wedge secticn reachirg 623°K (68C°F) at the enc 
of flight aS shown in Figure 17-2]. Predicted maximums were exceeded crly 
near liftoff where a sharp rise in temperature was observed dle to burning 
exhaust gases and plume radiation. Convective cooling occurred until 

about 70 secands when recovery temperature beqan to rise and zerodynamic 
heating effects caused a skin temperature rise. for the most part, higher 
temperatures were obtained on the fin flat section on AS-902 than on AS-501 
again due to the higher heating trajectory flown by 49-602. No harmful 
temperature gradients were observed an the flat section of the fins. 
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_ 7.5.2 S-Lk Stage Aeroheating Envirannent 


Aeroheating ates on S-IT stage and its protuberances were analyzed 
using the AS-502 Final Observed Mass Point Trajectory [OMPT) and angle- 
of-attack data obtained from the $-IC Flight Cantrol Conditioned Data 
Tape (Q-ball). Atmospheric data were obtained from the final meteoro- 
logical data tape. 


The aeroheating rates on the S-EI stage cylindrical surface and its 
protuberances were calculated by means of an aeroheating digital computer 
program. The program includes turbulent flow flat nlate heating rate 
theory and real gas thermodynamic and transport properties for air. 


The heating rates to the protuberances were obtained by increasing the 
basic flat plate neat flux by the appropriate experimentally determined 
protuberance factors. The sredicted aeroheating rates were corrected to 
the calorimeter conditions for nurooses of direct comparison. These 
transient calorimeter heating rates were determined by first computing 
the sensor temperature corresnonding ta the nominal aeroheating rates 
and then applying the temoerature mismatch correction to obtain the 
final sensor temperature. The finat indicated calorimeter heating rates 
were obtained from the calorimeter sensor-body temperature differentials 
and the calorimeter calibration curves. 


In general, the postfligit prediction transient heating rates were higher 
than the corresponding fligit values. The validity of protuberance 
factors used, which may have contrfbuted to these discrepancies, are 
under investigation in order to improve the prediction techniques. 


The heating rate design values are omitted from these presentations 
because they are not corrected to the calorimeter conditions. Since the 
structural surface temperature response plays a key role in transient 
heat flux predictions, the comparison of design heating rate values for 
the structure with the calorimeter indicated heat flux is meaningless, 
However, it has been established that the AS-502 flight aeroheating 
rates were considerably lower than the design values. 


The corparisan of AS-502 flight and postflight prediction of the aero- 
heating yates experienced by the calorimeters mounted on the LH2 feed- 
line fairings are presented in Figure 17-22, AS-501 flight data is alsa 
indicated and it is seen that it is enveloped by the AS-502 flight 
data. Reasonably good agreement of flight and postflight prediction was 
obtaired for the measurements installed on the fairing boattail section. 
However, the predicted heating rates to the fairing nose cone section 
are considerably higher than the corresponding measured values. There- 
fore, the experimentally obtained wind tunnel mode? test protuberance 
factors will reauire further rodification in order to obtain improved 
correlation. 
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Figure 17-22. S-TT LHo Feedline Fair‘ng lotal Heating Rates 


The comparisons of AS-£02 flight and postflight predicted aervneating 
rates experienced ty the calorimeters mounted on the fairing conical 
nose sections are presented in Figure 17-23. AS-501 flight data are 
also shown for compariscn. Again, the predicted data are considerably 
higher than the corresponding flight values as was shown to be the case 
for the Lko feedtine fairings. 


The comparisers of AS-502 flight and postflight predicted values of tie 
aerodyramic heating rates sensed by the calorineters installed on tos 
interstage structure and first plane separation fairing are presented 

in Figure 17-23, AS-501 flight data, which envelops the 45-592 flight 
data, are also included. The predicted values are higher than the 
corresponding flight values during the maximum heating portion of the 
flight. A qualitative disagreement exists between fligqat and predicted 
data beyond 125 seconds. The flight data at this time shows decreasing 
heating rates which approach a constant level, It is balieved that 

this phenomenon was caused by the scorching of the Surrounding cork 
insulation. The scorching of cork insulation, due to the aeroheating, 
was also observed in the photographic coverage af insulation tests 
performed on the X-15 flights. This phenomena was not accounted for 

in the analytical postflight prediction, heace the resulting discrepancy, 
It should be noted that tie same trend was observed in the AS-501 flight 
data. 
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Figure 17-23. S-II Ullage Motor Fairing 
and Aft Skirt Total Heating Rates 


Representative structural, fairing, and surface teperature measurements 
influenced by AS-502 aerodynamic heating are shown in Figures 17-24 and 
J7-25. Each plot gives the actual flight data alang with desiqn and 
postflight predictions. 4S-501 flight data is included, where appropriate, 
for comparison. Design predictions are based on S-Ii stage contractor 
design heating trajectory with a high anale-af-attack. The postflight 
predictions were based on the heating rates discussed earlier in this 
section. 


The temperature data frow AS-502 are in general very similar to that 
from AS-501. A slightly higher temperature environment and slightly 
more severe trajectory resulted in hiaher temperature and a larger 
temperature rise for AS-502. 


Figure 17-24 presents typical interstage structural temperatures. 
Postflight predicted and flight values are in good anreement. 


Feedline fairing temperature and ullaqe motor fairing temperature data 
are presented in Figure 17-24. The postflight predictions of temper- 

ature for both these fairings are higher than flight data. Revisions 

in the protuberance factors used to calculate the aerodynamic heating 

are expected to result in predictions that will tore closely match the 
flight data. 


Figure 17-25 presents the data together with design and postflight 


predictions for €027-219 forward skirt skin temperature. The post- 
flight prediction is only slightly lower than the flight data. 
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Figure 17-24, $-II Structural Temperatures 


LRo tank insulation surface temperature measurements for five different 
locatians are presented in Figure 17-25. The abrupt shift in tke 
measured values after the data dropout at approximately 150 seconds is 
unexplained so far. Up to this shift the postflight prediction and 
measured vatues were in good agreement. The significantly lower values 
obtained fram measurement C893-218 were similar to data recorded or 
AS-501 and may be attributed to cooling due ta venting of cold helium 


gas within the ‘nsulation. Investigation into this and other anamalies 
fs continuing. 


17.5.3 S-IVB Stage Seroreating Environment 


The AS-502 aerodynamic heating environment was slightly more severe 
than AS-537. Al} temseratures were well below the design values for 
the maxtmun heating trajectory. Figure 17-26 shows the data and 
postflight simulation for four skin sensors and one stringer sensor 
on the forward skirt and data correlations for the LH, tank measure- 
ments. All simulations use the design method of analysis except 
that boundary layer transition is determined as the time at which 
Twall/Trecovery = 0.5, The maximum recorded temperature was 384°K 
(232°F). The LH2 tank measurenents were noted to have frost or ice 
to some degree at liftoff. Unlike AS-501, the frost appears to have 
oersisted for this flight with the exception of one measurement which 
recorded the maximum temperature of 301°K (82°F), 
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Figure 17-25. S-II Forward Skirt Skin and Insulation Temperatures 
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Figure 17-26. S-IYB Aeroheating Environment 
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Figure 17-27 shows data and carrelatians for selected skin and stringer 
teriperatures on the aft skirt. All measurements were covered with 
Korotnerm and the analysis assumed a arotubsrance heating factor of 
1.5. The maximum temperature recorded was 353°K {176°F} on the skin. 
The data and correlation for two adjacent measurements on the aft 
interstage, one on a stringer and one on the skin are also presented. 
These measurements were also covered with Koratoerm and the maximum 
recorded temperature was 360°< {187°F). The data and correlation for 
tie measurement on the feadline fairina forebody is alse shown. The 
naxinum recorded temperature was 41174 (280°F), 


Tre net heat transferred to the LHe during boost was analytically 
determined by two methods. & comparison between the results obtained 
fron: these two methods and the maximum and minimum design heating 

values is shown in Figure 17-28. Curve 4 is a simulation using the 
recovery temperature aad tank wall heat transfer coefficient histories 
based on toe fligot trajectory. Initial LHz tank skin temperatures 

from Ttight data and maximum values of insulation thermal conductivity 
(k} as a function of terserature, as determined from $-I¥B loading and 
acceptance firing test data, were used. The maximum and minimum destgn 
values of LH2 neating are also based on the maximum and minimum k curves. 
Toe neat transferred tarough heat shorts {i.e., heating paths other than 
the cylindrical tank) was taken from a recent $-I1¥3 aroxellant heating 
analysis. Curve B was calculated by integrating LH2 bulk temmerature 
coange resulting from aerodynamic eating during ascant. The Lilz 
heating values fall within toe desiqn range. 


17.5.4 Instrument Unit Aeroreating Environment 


Tne Instrument Unit {IU} aeroheating environment was monitored by eight 
thernacauples mounted on the _inner surface of the “oneycomb structure 
on the low density, 49.7 kg/m? (3.1 lbm/ft2), core. Seven of the eight 
ieasurenments indicated temperature rises due probably to internal 
radiation or local convective heating during the first 30 seconds of 
flight, This is shown in Figure 17-29. The two sensors located near 
position 1¥ at station 82.47 meters (3247 in.) and station 82.14 meters 
(3234 in.) indicated increases of 5°K (9°F) and 8°K (14°F), resaectively. 


After 30 seconds, these measurements indicated a cooling trend. The [J 
compartnent ambient gas temperature dropped to 283°K (50°F) at 89 seconds. 
After that tine the sensor output was sotewnat meaningless since the com- 
partnent pressure was approaching 2.1 N/cm2 (3.0 psia). The inner skin 
tenperature indicated a maximum 369°K (189°F) at approximately 190 seconds 
at the sensor Tocated near position I and a minimum of 339°K (151°F) near 
position II. The simulation in Figure 17-29 indicated a maximum external 
temperature approxinately 24°K (76°F) higher than the inner sensor 
tenperature for the no solar heating case. From 160 to 559 seconds, the 
effects of sotar radiation could be noted in the measured data. The 
simulation of the data was for no solar heating. The sensors located at 
positions I and IV would have experienced the greatest solar heat flux; 
this was indicated in the measured data. These trends due to solar 
heating were noted in the AS-501 data. 
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Figure 17-27, S-IVB Pratuberance Aeroheating Environment, Sheet 1 of 2 
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Figure 17-27, S-IVB Protuberarce Aeroheating Environment, Sheet 2 of 2 
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Figure 17-28. S-IVB Lia Heating During Boast 


17.6 VEHICLE ORBITAL HEATING ENY! RONMENT 
17.6.1 S-1¥B Orbital Heating 


The orbital temperatures for the Aux’ liary Propulsion System (APS) 
were deternined by ten sensors mounted internally to the APS fairing 
on various components and propellant transfer lines and four sensors 
mounted on the fairing. 


vable 17-2 lists the maximum and minimum temperatures during the fligrt 
for the APS measurements. The values for the AS-501 fliakt are included 
for comparison. It can be seen that all components, with the exception 
of the propellant transfer lines, remained within their allowable limits 
during the mission. Thermal radiation from tre APS encines caused four 
line measurements to exceed the maximum allowable temperature of 324°K 
(125°F}. Greater than expected APS engine operation was required due 

to anomalous flight conditions which accurred about the time of the 
attempted restart of the S-IVB J-2 engines. 


Figure 17-30 shows a comparison of the fairing flight cata with resect 
to the predicted desicn temperature envelore. The fairing data fall 
within the analytically predicted maximum and mirirur values. 4 
correlation of ¢ measurement located on the APS fairing is also shown. 
Fairly good correlation was achieved far the first two revolutions. 
After this time, it is believec that the flight simulation parameters 
used te establish the vehicle orientation did not match the actual 
flight parameters. 
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Figure 17-30. S-I¥8 APS [airing Temnerature 
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Tigure 17-31 shows a correlation of a measurenent located on te 
oxidizer control module filter bedy housing. The measured and pre- 
dicted values compare fairly well and were within the ooerational 
limits for the component. Thernal radiation from tha 425 engines 
(brought about by the heavy duty cycle imposed by the anomalous flight 
condi tions mentioned nreviously) caused the flight data and analyttcal 
values to diverge during the portion of the mission after 13,000 
seconds. 


17.6.2 IU Orbital Yeating 


The IU inner skin temparatures are shown in Figure 17-32 for the first 
36,009 seconds. The time ssent in the earth's shadow is shown by the 
vertical shaded bars. The highest skin temperature experienced during 
ascent was 15°K (27°F} htgher than thet of AS-501. Tais was prinarily 
Caused by a 25 percent higher atmospheric density at the hégher alt‘~ 
tudes during AS-502 ascent. Also contributing 2a th’s heating effect 
were the higher initial temperatures and a 4 percent higher velocity for 
AS-502 from 60 to 150 seconds. 


Based on the time of year *ar launch, AS-502 was predicted to he ina 
somewhat colder orbit than AS-501. “he maximum inner-skin temperature 
measured in orbit for AS-502 was 325°K (125.6°F) compared with 363°K 
(194°F} for AS-501, Figure 76-29 shows the inner-skin temperatures for 
AS-502. The large temperature excursions privr to 22,112 secands were 
normal. After 22,712 seconds, APS control was Teast and LOX ventirg 
caused high pitch and yaw rates, This motion of the vehicle tended te 
damp out these temperature excursions. 
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Figure 17-31. S-IVB APS Proneliant Control Module Temperature 


17-46 


“EAPLRAT.2E, “Rh 


ca) 


482 


UUs 84 fb a6 1 


Vis 
INSEE SKIN 
TNSFR SKIN AD. 4 














sU JNYEY SEIN YI. & 
CU JNYLR Salk NO. OC 
TARTH SHAODM 








le [AMER SKIN 4C. 
SaT4 SHAUCH 














£0:15:49 m1 


Figure 17-32. 
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SECTION 12 


ENVIRGNMENTAL CONTROL SYSTEM 


18.1 SUMMARY 


The S-1C canister conditioning system and the aft environmental condi tion- 
ing system performed satisfactorily during the AS-S02 countdown wtth 

only one canister and one ambient temperature measurement dropping below 
the minimum requirement. 


The $-I] thermal coritrol and compartment conditioning system maintained 
temperatures within the design limits throughout the prelaunch operations. 


Temperatures monitored on the S-IVB aft skirt components were slightly 
cooler than on the AS-SC1 flight but within design limits. Temperatures 
of all components mounted on the forward skirt cold plates were within 
design limits at liftoff. 


Tre IU Environmental Control System (ECS) performed well throughout the 
flight. Coolant temperatures, pressures, and flowrates remained within 
the predicted ranges ard design limits for the duration of the flight 
data. One specificaticn deviatian was observed which was expected. At 
11,670 seconds, the platform gas bearing pressure differential was 0.069 
Nfemé (0.1 psid) above the 10.7 N/cm2 (15.5 psid} maximum allowable and 
remained there throughcut the remainder of the flight period for which 
data is available (33,780 seconds}. 


18.2 S-IC ENVIRONMENTAL CONTROL 


The 5-IC stage ECS is usec tc centrol temperature in the instrumentation 
canisters of the forward skirt compartment, and thrust structure compart- 
ment during preflight operations. The conditioning and purge agent (air 
until -8 hours and 30 minutes, GN2 thereafter} 1s pravided ‘to the stage 
from a central ground supply. 


Tre S-IC cenister temperatures remained within the required Timits during 
the countdown except for canister No. 6. The temperature in this canister 
dropped slightly below 288.7°K (60°F) during the last minute of the 
countdown. It reached a minimum of 287.9°K (58.5°F) at -16.7 seconds 
(forward umbilical disconnect). 


The other canister temperatures varied from a maximum of 300.7°K (81.5°F} 
to a minimun of 289,2°K (60.8°F) during prevaunch activities as shown in 
Table 18-7. 


Table 1&1. S-IC Environmental Control System Canister 
Temperatures 








MAX 1 MUM MINIMUM 
TEMPERATURE °K (°F TEMPERATURE “K (°F) 


Canister No. 1 C212-120 
Canister Ho. 2 C213-120 
Canister No. 3 C234-120 
Canister Na, 4 C215-120 
Canister No. 6 €217-120 


Extrares from -20 min to -16.7 sec 





The most difficult control condition occurs during J-2 engine chill down 
which starts at -8 minutes and continues until umbilical disconnect. 
Within this t‘me period the ambient temperature in the interstage 
(forward compartment) area dropped as shown in Figure 18-1, All the 
temperatures were above the 205.4°K (-90°F) predicted minimum except 

for 207-120 which reached a minimum of 168.2°K (-157°F). This tempera- 
ture probe is located under a J-2 engine and receives the maximum effect 
of the cold helium. 


Temperature plots during ftight are not presented because the compart- 
ment and canisters are only conditioned until -16.7 seconds. A band 
o? canister temperatures versus time is skown ir Figure 18-2. 


A characteristic aft compartment temperature is shawn in Figure 18-3. 
Temperature extremes for all measurements are given in Table 18-2, 

All temperatures were within the required limits of 299.8 +11,2°K 

(80 +20°F} except that C-202-115 was 3.8°K (6.5°F) below the minimum 
requirement prior to liftoff. This instrument is located at Position 111 
facing Position I¥, This quadrant has two LOX suction ducts passing 
through it and C-202 is near the inboard suction duct. The maximum 
temperature recorded wes 30]°K (S2.4°F) at instrument location C€204-115. 


The flight batteries are located 28.5 degrees from Position I toward 
Position II, There is no telemetered instrumentation in this quadrant. 
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Figure 18-1. S-1C Environmental Control Systems Forward Compartment 
Canister Conditioning System 
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Figure 18-2. S-IC Forward Skirt Canister Temperatures 


Table 18-2. S-IC Environmental Control System 
Aft Compartment Temperatures 





AFT COMPARTMENT TEMPERATURES °K 





298(77.0)|293(68.0}}285.5(54.5)|290.5(63.5)| 301 (82.4)]298 .5(77.9} 
298 (77 .0)|293(68.0) |285.0(53.6)] 290.5(63.5)| 301(82.4)]298.5(77.9) 
268 .0(23.0) 


275.5(36.5); 


288(59.0) 
283.0(50.0) 
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Figure 18-3. S-iIC Environmental Contral System and Compartment 
Temperatures, Sheet 1 of 2 
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Figure 18-3. S-IC Environmental Control System and Compartment 


Temperatures, Sheet 2 of 2 
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Located on the battery container are four thermistors which control the 
anbient teriperature, near the batteries, within the limits of 299.8 +2.8°K 
(80 45°F}. Figure 18-3 presents the temperature recorded at instrument 
location 12K10, which is a hardwire measurement. The compartment tempera- 
ture was maintained within the required limits until LOX loading. After 
LOX loading until] umb‘lical disconnect, the temperature decreased to 
291.9°K (66.0°F). This is 2.2°K (4.0°F} below the compartment requirements 
of 299.8 -§.6°K (80 =10°F). All interface requirements of flowrate, pres- 
sure, and temperature were met by the ground support equipment. 


18.3 S-1] ENVIRONMENTAL CONTROL 
The S-II stage Environmental Control System consists of two parts. 


a. The engine compartment conditioning system provides a means of 
purging the engine and aft interstage area of explosive mixtures 
during propellant Ivading operations, and maintaining proper tempera- 
ture control for stage components, The compartment purge is effected 
by means of warm GNp and is operational only during the prelaunch 
period. The compartment vents have been designed to meet these 
objectives and to relieve internal pressure during S-IC boost. 


b. The thermal control system is designed te provide both temperature 
control and an inert atmosphere for the electranic equipment 
containers in the aft compartment. Ground equipment provides 
conditioned air for cooling during ground checkout, and GN2 for 
purging and heating during and after propellant loading. The 
conditioned gas is directed to the equipment containers through 
ducting and exhausts to the interstage area. The flow is fixed 
by orifices and ig continuous unti] terminated at umbilical 
disconnect. During flight, thermal inertia and cortainer insulation 
will preclude out-of-tolerance ecuipment temperatures. 


To verify that the thermal control system provided adequate temperature 
control in the electrical equipment contairers, measurements of the 
equipment mounting surface temperature were made in at] the containers, 
As shown in Tables 18-3 and 18-4, all the equipment mount temperatures 
were well within tre required temperature limits during both the 
prelaunch and launch operations, 


Equipent mount temperatures in the forward and aft systems were within 
7°K (13°F) of their corresponding liftoff temperatures on the AS-501 
flight and showed the same type of temperature profiles throughout the 
AS-502 flight with the exception of contatner 206431, The equipment 
mount temperature of this container was very similar to the AS-501 flight 
up to approximately 325 seconds. From 325 to 425 seconds, the contatner 
equipment mount temperature dropped approximately 7°K (13°F) and continued 
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Table 18-3, S-11 Forward Thermal Cuntrol System AS-501 and AS-502 
Prelaunch and Flight Data 


$-I]-1 AINCH AS-501 


€GVIPMERT HOUST TEMP. SES(GN TEMP. LIMI"S TEMP. AT START | TEMP. AT 
MCASJVEMENT AKC AUMBLH r MIACHUM 




















TEMP. AT ENG 
OF SiC BACT 





TEMP. AT END 
OF SiC acasT 












































Container 229, ¢355-206 °K (“F} 334 (1aci | 256 (2) 28? (24) 
Container 271, C356-221 °x (°F) 334 (ea) | 266 io} Fo en 
Container 222, C361-222 °K a 334 (140} | 256 (oj 286 £55) 
Container 223, (511-223 °K fF} 245 j-20} zz £87) 
Container 225, €3$9-225 256 (0) 30] fae) 
Cantatner 227, 2509-227 °K (°F 256 ic} aap i 


1a 


Cartainer 228, (510-228 Kk (°F aE (125) | 256 (Cc) 
GN2 Temp. at Oisconnect °K (°F 379 (115) | 314 (105: 
Sys. GYz Flaw kg/s (lems) 302 1.6663) .257 S567 9 
y S-iL 
Container 220, C35E-220 *x {°F} sya (1d0) | 256 (0) 
Conteiner 22°, 0336-222 °K {7F 324 f14v} | 266 [9] 
Container 222, €361-222 “kK (°F) 344 (140) | 25b (9) 
Contsiner 223, Co11-273 "kK (°F)/ 336 (14D) | 265 {-20) 
Container 224, £358-224 °K (°F) 33¢ (1a) | 256 (9) 
Container 225, C259-226 °K [FF } 336 hs 256 (G} 


pa 












Contaluer 227, CS09-227 “KR (FH 334 (140) | 256 (0) 
gontatner 228, (510-228 °% (*FI} 326 [125} | 256 fo) 
5N2 Teme. at Disconmect *% {°F} 326 (115) | 374 (1053 
Sys. GN2 Flow cgfs (Ibuys) W2 (-666)|.287 (.567;].288 





276 | .608) -- 














to drop another 4°K (7°F) during the remainder of the fight. This com- 
pared to a drop of only 1°K (2°F) for the same measurement over the sare 
time span on the AS~501 flight indicates the presence of cryogentcs in 
the container area. Considering the proximity of container 206A31 to 
engine No. 2, together with the fact that none of the ather containers 
were affected, would indicate 4 cryogenic line failure in the engine 

No. 2 area. Plots of container 206A31 equipment mount temperatures 
during both AS-501 and AS-502 flights are shown in Figure 18-4, 


The engine compartment conditioning system maintained the compartment 
temperature within the design limit throughout the prelaunch operations. 
The thrust structure was below 256°K (OFS at launch which met the design 
requirements. A comparison of AS~501 and AS-502 engine compartment 
temperatures at three time frames during both prelaunch and flight periods 
is presented in Table 18-5. The measurement locations employed throughout 
the engine compartment are given in Figure 18-5. The interstage tempera- 
ture contro] thermistors were set to control to 275°K (35°F) in compartsan 
to the 278°K (40°F) value employed for the AS~50] launch. This resulted 
in slightly lower temperatures throughout the interstage at the start 

of engine chill for AS-502 than during the AS-591 launch; however, the 
temperature history characteristics through engine chill and 5-IC boost 
were quite similar to the AS-501 flight data, There were no indications 
of abnormalities through S-IC boast. 


From the initiation of tanking tarough launch, there were no indications 
of hydrogen or oxygen in the engine compartment. 
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Table 18-5. S-II Engine Compartmert Temperature Data Comparison 
of AS-501 anc AS-502 Flights 
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cago-t0o 293 (79) ta (e"5) 232 (-42) 29s (71) 

c20-200 | 29 (76) 270 (20) 269 (a) 253 (68) 

$223 20€ PB6 (55) 22 (-19) 226 (-£3} 287 (57) 

6232-208 268 {23) 253 (-6) 243 {-22} 266 (1; 

240-206 286 (55) 245 (-20) 236 {-33) 292 (48) 

256-256 283 46} 227 (-51) 25 4-72) 266 (19) | ate {.73} 20? (-87} 
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Figure 18-5. S-II Engine Compartment Conditioning System 
Transducer Locations 


18.4 S-IVB ENVIRONMENTAL CONTROL 


The forward skirt area of the S-I¥8 is conditioned by the IU ECS. The 
aft skirt and interstage ECS provide the following: 


a. Thermal conditioning of the atmosphere, during ground operations, 
around electrical equipment in the aft skirt. 


b. Thermal conditioning of the Auxiliary Propulsion System (APS), 
hydraulic accumulator reservoir, and ambient helium bottlc. 


c. Purging of the aft skirt, aft interstage and thrust structure, 
and the $-II stage forward skirt of oxygen and combustible 
gases. 


Tenperature~controlled air or GN2 is supplied at the rate of 3500 SCFM 
to accomplish the thermal conditioning. The GHz purge is initiated at 
LOX loading and is continued until umbilical disconnect. 


38.4.1 Ascent Powered Flight Phase 


The temperatures monitored at launch for the aft skirt components, mounted 
on fiberglass panels, ranged from 5.6 to 11.1°K (10 to 20°F) cooler than 
those recorded an AS-501, The forward skirt components, mounted on cold 
plates, ranged up to 9°K (16°F) wanrer than those on A5-501. All tempera- 
tures at liftoff were well within the components' upper and lower tempera- 
ture limits. 
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18.4.2 Parking Orbit Phase 


The data monitored throughout the flight for the bridge modules, progellant 
utilization, and static inverter assemblies appear to be valid. The 
temperature extremes recorded during the first 33,800 seconds of flight 

are presented jn Table 18-6. 


During arbit, all components remained within their temperature Timits 
during the first 24,000 seconds of flight, The cnilldown inverters 
exceeded their lower temperature limit at this time. This is not con- 
sidered to be a problem because the chiildown inverters' nonial operation 
period extends only over the first 16,200 seconds of a nominal Saturn ¥ 
Flight. The propellant utilization assembly exceeded its low temperature 
limit at 33,400 seconds. This is attributed te the cold plates being 
inoperative at this time and is not considered to be a problem, 


Table 18-6. Forward and Aft Skirt Component Temperature* 


MEASUREMENT NO. j—. .._CAUACH TEMP °k (°F) 
AND DEscrrPTION | ex>ecten | 








MIN FLISHT TEMP °K {°F} i 





MAX FLIGHT TEMP °K (°F) 
MEASURED 





























































































































OR LOCATION ! &S-50) | AS-502 
LOX Cri] I down 275 = 300 
Inverter (35) (80) | (70) 
co1ag 275 — 300 | -- 
135) (80) | -- 
cH2 Chil down 
Inverter 
<to14é0 275 — 300 | 297 
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Ground hold and orbital data, through the first 16,000 seconds of flight, 
are presented in Figure 18-6 for the chilldown inverters. The results 

of the postfligat analysis, simulating the environment experienced by 

the LOX inverter, are also presented. As indicated in this figure there 
is satisfactory correlation between the flight data and the analytical 
results. 
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Figure 18-6. LOX and LH, Chitldown Inverter Temperatures 
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18.5 IU CNYIRONMENTAL CONTROL 


Prior to launch, a purge duct, located circumferentially above the IU/ 
spacecraft interface, uniformly distributes temperature-conditioned air 
from a ground supply prior to fueling, and temperaturc-conditioned GN2 
subsequent to fueling. Four sensors, located in the IU, moniter the 
compartment terperature and feed a signal to the ground equipment to 
control the in}et gas temperature which maintains the compartment tempera- 
ture within the specified limits, 290.2 to 295.8°K (63 to 73°F). 


The Thermal Corditioning Subsystem (TCS) provides temperature-controlled 
heat sinks to which the electronics reject waste heat. A coolant pump 
circulates the 60 percent methanal-40 percent water by weight coolant 
fluid Methanol/water (M/W) to the IU and $-IVB TCS. Coolant distribution 
is controlled by fixed orifices within the IU to 16 coldplates and 4 
internally cooled components: the ST-124M-3 Inertial Platform Assembly, 
Flight Contrel Computer (FCC), Launch Vehicle Data Adapter (LVDA), and 
Launch Vehicle Digital Computer (LYGC). The IU and S-IVB stage return 
flows converge before entering a heat exchanger assembly, which is com- 
posed of a preflight heat exchanger and a sublimator as shown in Figure 
18-7. 
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Pressure is supplied to the TCS through regulators and filters to a M/W 
accumulator from a 2068 Nfem@ (3000 psi}, 2700 cm? {165 in.3) sphere. The 
M/W accumulator prevides for fluid expansion and contraction, compensates 
for fluid lasses due ta leakage, and traintains coolant pump inlet pressure, 
An orifice regulatcr further reduces the GN2 pressure to an acceptable 
range. This pressure expels waler from the water accumulator to the 
sublimator. The GN2 continually vents tu the vehicle compartment through 
the orifice regulatar. 


Ouring prelaunch operatian, M/W from a Ground Support Cooling Unit (GSCU} 
circulates te and from the preflight heat exchanger through the umbilical. 
A Medulating Flow Control Valve (MFCV) contrals the onboard fluid tempera- 
ture by varying the arount of coolant flowing through or around the heat 
exchanger. {Continuous valve operation maintains a stable M/W temperature 
of 288 + 0.56°K (59 41°F). 


In flight, heat expulsion is achieved in the sublirator. Water, which is 
supplied under pressure from the water accumulator, freezes upon exposure 
to the space environment and then sublimes, removing heat from the M/W 
coolant. 


At T] +5 secends, a switch selector command enables the sensor bias. 

This cemmand places R1, shown in Figure 18-8, in parallel with the elec- 
tronic contreller asserbly input, causing the MFCY to be driven to zera 
bypass, and all coolant is forced to flow through the sublimator. At 

T] +75 seconds, a switch selector command disables the electronic can- 
troller assembly. The M/W temperature is measured by two thermal switches 
whose outputs are sensed by the LYDA/LVDC. The LYDC is programmed to 
sense the candition of these discretes once every 300 seconds, starting 

at 7] +180 seconds. This allows sufficient time to elapse after liftoff 
for the ambient pressure to drop low enough for the water sublimator to 
function, If the temperature of the coolant is above the upper tempera- 
ture setting, 288.3°K (59.55°F), a switch selector command is issued to 
open the water solenoid yalve to allow sublimator cooling. If the coolant 
temperature falls betow the lower limit 288.1°K (59.16°F), a switch 
selectcr conrvand is issued whitch closes the water solenoid valve, halting 
sublimater operation. 


AS-502 was the first vehicle to utilize sublimator water-feed regulation 
for tevperature control frow liftoff. The system was verified on AS-20d 
as an after-rission experiment. Previous vehicles uttlized A/l nodula- 
tion, as described for ground operation. ‘The change was made to eliminate 
the undeysirable minimum sublivatar cooling rate. AS-502 also had seven 
140-watt heaters, flown previously on AS-501, as a temporary fix to 
irpreyve the ECS heat balance. 


18.5.1 Therral Conditioning System 


higher prelaunch purge-gas teuperatures were provided on AS-502 to 
eliminate the low compartment ambient temperature experienced on AS-501 
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following S-1VB LHz loading. This higher purge-gas temperature, coupled 
with higher skin temperatures, resulted in a compartment temperature at 
launch of 295°K (71.6°F) for AS-592, as compared with 287.4°K (58°F) for 
AS-501. The average skin temperature at launch on AS-502 was 5.12°K 
(11°F) above the AS-501 average. 


The available data shows proper functioning of the TCS, as snown in Figure 
18-9. The present indications are that the M/W control temperature 
remained within the 280.2 to 293.0°K (45 to 68°F) control band. 
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Figure 18-9, Temperature Control Parameters 


Figure 18-10 shows a sublimator water inlet temperature rise at 111 seconds. 
This was 71 seconds prior to sublimator startup and was related to a 
pressure differential (D43-601) increase at 116.6 seconds. This perform- 
ance deviation has heen attributed to water draplets trapped in the tubing 
on the sublimator side of the water solenaid valve. By 111 seconds, the 
IU compartment pressure and sublimator cavity pressure, as indicated by 
the zero differential reading of 043-601, had decreased to 0.276 N/cme 
(0.4 psia). This waS approaching the vapor pressure of water at the 
temperature within the cavity. The warmest water droplets in the 
sublimator and line cavity would be those adjacent to the water valve 
which dissipates heat during the time it is closed. As these droplets 
changed phase, the warm vapor was sensed by the temperature measurement 
and finally by the pressure differential measurement as the gaseous 
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molecules filled the sublimator cavity. Water, at the pressure and tem- 
perature indicated, will experience a volume increase of approximately 
50,000 times as it changes into the gaseous state. The pressure 
differential increase shown by 043-601 in Figure 18-10 resulted from a 
constant vapor pressure in the sublimator and tubing while the decreasing 
IU ambient presstre was approaching zero. 
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Figure 18-10. Sublimator Water Inlet Per*ornance 


A step increase in the differential pressure measurement is noticeable 
at 133 seconds, which consequently represents a corresponding decrease 
in the IU internal ambient pressure. If no change had occurred in the 
IU ambient pressure, a temperature increase of 4.4 to 5°K (9 to 10°F) 
would have had to occur at tris time if the vapor pressure within the 
water Tine had increased by the magnitude shawn in Fiqure 18-10. The 
temperature and pressure decrease after 149 seconds indicated that all 
the water within the tube had vaporized. This pressure decay is 
characteristic of the sublimator normal crying cycle. At 182 seconds, 
when the water solenoid valve opened, the pressure differential response 
led the temperature resporse as the vapor bled out of the water line. 


Figure (8-11 shows the sub}imator start-up characteristics during ascent. 
Not shown is the position of the MFCY, which began driving to the full 
sublimater flow at 7] +5 seconds as pragranmed. full heat sink flow was 
achieved at 1; +16 seconds. 


+ 182.29 seconds (first interrogation of the thermal switches), the 
coolant temperature was 290.2°K {63°F}, which was 1.94°K (3.5°F) above 
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Figure 18-11, IU 4S-502 Sublimator Startup Characteristics 


the control point, and the water valve opened. 


TEMPERATURE, °F 





PRESSURE. psta 


FLOWRATE, Ibs/hr 


This was verified by the 


yalve position, increasing water inlet pressure, and water flowrate 


measurements . 


The sublimator inlet temperature reached a calculated 


293°K (68°F) during ascent, and a 10 kw (34,140 Btu/hr) heat rejection 
rate was required to bring the coolant temperature back to the control 


level. 
in Figure 18-9. 


Subsequent sublimator cycling can be identified from the curves 
Seyen water coolant switch sclector operations in 


Section 2, Table 2-3, verify proper operation of the trermal cortrol 


switching system. 


None of the water system deviations (i.e., erratic low-level water 
flowrates and pressures) experienced on AS-204 were present in the 


AS-502 data. 


Fluid pressures and flowrates were within the desired 


ranges, considering the 5 percent possible measurement error, as shown 


in Table 18-7. Pump outlet pressure, Di7-601, was erratic. 


However, 


this was a transducer problem and the measurement was waived prior to 


Jaunch. 
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Table 18-7. IU TCS Flowrates and Coolant Pressure Data 




































‘ 
Saar HEASREMENT sig —LELGHT VALUE 
Coldplate 5 F3-601 q (0.47); 0.0000316 ; 0.0000281 (0.445) 
Coldplate 20 F4-603 — [0.0000303 = (0.48) | 0.0000322 (0.51) | o.c000281 (0,445) 
ST-128M~3 Shroud} F5-603 = [0.000003! = (*0.207)}9.0000139 (0.22) | o.caool4e §~— (0.222) 
Flight Control Fe-602  (.0000309 = (0.49) | 0.000328 = (0.52) | o.co90281 {0.445} 
Computer 
Coldplate 4 F?-601 {0.00003 {0.475} | 0.000036 }=— (0.50) | o.caonz81 (0,445) 
LYDA/L DC FB-603 [0.900084 = {0.71} 0.000873 (0.75) |o.coonssa (0.734) 
lu F9-602 = 0.009593 = (*9.4) |o.n00519 (9.8) jo. cooso2 (9.55} 
S-1¥8 F10-601 |0.000495 = (7.85) | 0.00052 (8.258) | 0.00049 +0002 
(7,77 +),39} 
sT_124-3 FI1-603 (00000126 = (*9,200)10.0000132 = (0.21) | 0.0000140 (0,222) 
rou 3 
Total system | = F9#FI0—|.aor09 (*17,25}6 n011a (18.05) | 9.00109 +.don052 
(17.3 +083) 
Pressures ‘ Neem? Néeime 
Pump Inlet pz4a-601 | 31.2 06.2) (36.5) ] 11.4 40,35 
(16.5 40.5) 
Pump DutTat 017-601 28.2 {41} 30.7 (44.5) | 17.2 to 22.8 
(Erratic¥ (28 to 33} Above Inlet 
S-LVB Exit 018-601 18.3 (26.5} | 20.7 (301 9.3 to 10.7 








(13.5 to 15.5) 
Below Pump duslet At 
Specified Fiowrate 


*Hithin § percent possibte measurenent error 
















The TCS GNg sphere pressure decay is seen to be nowinal and the excessive 
GN consumption rate af AS-204 was not observed, as shown in Figure 18-12. 


Figure 18-13 shows selected component temperatures for AS-502. There 
were greater fluctuations in component temperatures for AS-502 than AS-501 
during the orbital phase of the flight, This was caused by the water- 
feed control method of temperature contral used on AS-502 which allowed 
5°k (9°F) variations in the M/W temperature. The continuous control 
method employed on AS~S01 allowed variations of less than 1°K (1.8°F) 

in the M/W temperature, The variations in the component temperatures 

on AS-502 had no detrimental effect on the operation of any of the 
components. 
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Figure 18-12. TCS GN2 Supply Pressure and Temperature 


18.5.2 Gas Bearing Supply System 


The Gas Bearing System (GBS) supplies regulated Gaseous Nitrogen (GNo) 
to the $T-124M-3 Inertial Platform Assembly for lubrication af the gas 
bearings during preflight and flight operation as shown in Figure 18-7. 
During preflight operations, GN2 at 2068 N/em@ (3000 psig) flows from 

a ground source through the GNo fill coupling on the umbilical and 
through the open GNz solenoid valve to the 0.057 m3 (2.0 ft3) sphere. 
Should the GNo storage sphere pressure drop below 637.3 N/cmé (925 psig} 
during prelaunch subsystem operation, a signal from the low-pressure 
switch would be initiated to shut off electrical power to the platform. 
The low-pressure switch is inactive during flight. 


During system operation, GNo flows from the storage sphere at an initial 
pressure of 2068 N/em@ (3000 psig). After the GNo is filtered, the gas 
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Figure 18-13. Comnonent Temperatures 
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bearing pressure regulator drops the pressure to the acceptable value for 
gag bearing operaticn. The GN2 flaws through the heat exchanger and a 
second filter to the platform gas bearing inlet. The heat exchanger 
thermally conditions the Gk. A line from the platform to the dome of 
the pressure regulator suppties the reference pressure requircd to control 
the pressure differential acrass the gas hearings. 


The GBS pressure differential drifted above the 10,35 +0.345 N/em@ 

(15 40.8 psid) specification as expected. Figure 18-14 shows the differ- 
ential pressure to be €.069 Nfem2 (0.1 psi) above the maximum, specification 
value after 11,670 seconds. The gas tearing pressure regulator is 
sensitive to a chenging reference pressure, recuiring a series of 
calibration curves for each different reference pressure. The calibration 
curves generated during cemponert acceptance testing (to modify the flight 
data) yield the fallowing result: 


a. The 10.35 N/em@ (15.0 psid) at launch became 10.24 N/cm2 (14.85 psid). 


b. The 10.76 N/em@ (15.6 psid} at 33,780 seconds became 10,85 N/ome 
(15.725 psid). 
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Figure 18-14. GBS Pressure Regulaticn Performance 
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The fact that the 5 percent possible measurement error can account for 
a 0.69 N/em2 (1.0 psid) correction further obscures the actual flight 
performance data. The following facts should be nated: 


a. The pressure differential was predicted to drift to 11.04 N/cm2 
(16.0 psid). 


b. The desired 10.35 N/om? (15.0 psid) regulator set point is consistently 
in error because of the transducer sensitiyity to the reference 
pressure. 


c. No conclusion about regulator performance can be reached until the 
flight data can be accurately assessed and transducer problems resolved. 


The GNe delivered to the platform was well within the 274.7 to 310.8°K 

(35 to 109°F) temperature requirement. The GBS GNp sphere pressure decay 
as shown in Figure 18-15 is seen to be near nominal. Calculations indicate 
a 0.388 SCFM usage rate (within the 0.3 to 0,5 SCFM allowable range) . 
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SECTLON 19 
DATA SYSTEMS 


19.7 SUMMARY 


The data system consists of the measurement systems, telemetry systems, tape 
recorders, RF systems and optical instrumentation. There were 2758 telem- 
etered measurements active at the start of the AS-502 automatic countdown 
sequence. Of the 2758 measurements, 58 failed in flight, resulting tn an 
overall system reliability of 97.9 percent. 


The Airborne Telemetry System operated satisfactorily, including preflight 
calibrations and inflight calibration. 


Tape recorder performance was good; however, due to the extended burn time 
of the S-II and S-IV8 stages, the S-iC/S-I1 separation data playback was 
not recovered from the S-I1, S-1VB,and IU recorders. This was because 
insufficient playback time was programmed to cover the anomalous situation 
caused by the S-II two-engines-out condition. 


Performance of the RF systems was good. Approximately 2 seconds of real 
time data on all S-IC stage telemetry Tinks were Tost due ta a data drop- 
out at 146.0 seconds. This condition was also noted on AS-501 and appears 
to be related to S-IC inboard engine cutoff {IECO}. 


Grourd camera coverage was good as evidenced by 84 percent system efficiency. 
However, only two of the six onboard film cameras were recovered. Three 

of the cameras on the S-IC stage failed to eject and one of the S-II cameras 
was not recovered due to a weak recovery beacon signal. 


19.2 VEHICLE MEASUREMENTS EVALUATION 


The measurement system is composed of the transducers, signal conditianers 
and power supplies necessary to transform the physical quantities being 
measured into electrical signals suitable for telemetering, and of the 
measuring distributors necessary to route these signals to the proper telem- 
etry channels. 


The AS-5C2 measurement systems operated satisfactarily. Lost measurements 
did not adversely affect vehicle postflight evaluation, except in isolated 
cases such as J-2 engine vibrations, since sufficient data were acquired 

to complete the evaluations. 


There were 2788 measurements scheduled for AS-502. Twenty-six measurements 
were wafved/scrubbed prior to start of the automatic countdown sequence and 
4 measurements were not considered in devernining measurement reliability. 
Of the remaining 2758 measurements which were used for reliability detemyin- 
nations, 880 were on the S-IC stage, 951 on the S-IT stage, 591 on the S-IVB 
and 336 on the IU. Fifty-eight measurements faled <n flight, resulting 

in an overall] measuring system reliability of 97.9 percent. In addition to 
the failed measurements there were 54 partially successful measurements, 

57 measurements with improper range and 2 questionable measurements. Four- 
teen of the waived/scrubbed measurements provided good data during flight. 

A summary of vehicle measurements is presented in Table 19-1. 


19.2.1 S-IC Stage Measurement Analysis 


There were 888 flight measurements scheduled for the S-If stage. Of these 
8 measurenents were waived/scrubbed prier to the automatic countdown se- 
quence, 15 failed in flight, 21 were partia:ly successful, and 39 hed im- 
proper range. Five of the watved/scrubbed measurements provided useful 
data during flight. Based upon 880 measurements active at the start of 
automatic countdown and 15 failures during flight. the reliability was 
98.3 percent. 


Measurenents waived/scrubbed prior to launch, measurement fatlures (includ- 
ing partial] failures), and measurements of improper range are summarized 
in Tables 29-2, (9-3, and 19-4, respectively. 


Table 19-1. Yehicle Measurements Summary 





INSTRUMENT | TOTAL 
UNCT VEHICLE 


Ro. Scheduted 27 5Gak* 


No. Waived/ 
Scrubbed 8 2 26** 


No. Failures y ; 58 


No. Partial 
Successes : 54 


No. Improper 
Range 


No. Questionable 


Measurement 
Reliability 














* Includes measurement failures which were a consequence of engine 
malfunctions. 


** Fourteen of these measurements provided useful data during flight. 


*** Four of these measurements are not wholly on the stage and are not 
used in calculating measurement reliability. 
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Table 19-2, Measurements Waived/Scrubbed Prior to Launch (Continued) 
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The crystal accelerometers and emitter followers used on AS-501 for 17 
engine area vibration measurements were replaced with crystal acceler- 
ometers with integral emitter followers for this flight. This change did 
not completely eliminate higa amplitude, low frequency noise problems 
noted on AS-591, However, a significant improvement was noted in the 
amount of useful data obtained. 





13.2.2 S-II Stage Measurement Analysis 


There were 958 flight measurements scheduled for the $-II stage. Of these, 
7 measurements were waived/scrubbed prior to the automatic countdown se- 
quence, 24 failed in flight, 33 were partially successful, and 24 had 
improper range, Two of the waived/scrubbed measurements provided useful 
data during flight, Based upon 95] measurements act‘ve at the start of 
automatic countdown and 24 failures during flight, the reliability was 

97,5 percent, 


Measurements waived/scrubbed prior to launch, measurement failures {in- 
cluding partial failures), and measurements of improper range are sum- 
marized in Tables 19-2, 19-3,and 19-4, respectively. 


Eleven temperature measurements which failed during flight indiceted a 
possible banding problem. The bonding technique for these transducers is 
being investigated. 


Erratic behavior of two temperature measurements on fuel turbine inlets 
was suspected to have been caused by melting of sotder in the transcucer 
connector, resulting in an open circuit to the dc amplifier. ECP J2-422, 
effective on engines installed on AS-504 end subs, has been released, re- 
quiring that these wires be brazed to the connector. 


Interaction between measurements on a common power supply which had been 
noted on AS-501 was not present on AS-502 even though events similar to 

those which caused the interaction on AS-501 were experienced. This and 
static firing data from $-11-4 at Mississippi Test Facility (MTF) demonstrated 
the effectiveness of the design change to eliminate irteracticns. 


Several vibration measurements experienced short transtents. These tran- 
sients were sufficient to invalidate the data on two measurements. Exten- 
sive tests are under way with individual components and a complete stage 
system cenfiguratian to determine the cause. Transients similar to those 
noted on the flight data have been reproduced in a number of different 
ways; however, no conclusions as to the specific cause have been formulated. 


It was also determined that all engine vibration measurements saturated 
their respective measurement channels. As a result, an engineering change 
is being precessec tc change the range an all of these measurements. 


The camera light battery monitor ceasurement decreased to 88 amperes 

at inlersLage separation instead of the expected zero amperes. The 
probable cause was a cable short to the structure at interstage separation. 
Since cameras will nct be flown on future missions and this measurement 
will not be used, no changes are contemplated, 


The high percentace of strain measurement failures experienced, with five 
scrubbed measurements and cone inflight faflure, indicated a possible in- 
stallation protlem. Investigaticn indicated that the present installation 
was highly susceptible to moisture absorption, which could create the fail- 
ure mode experienced by these measurements. An engineering change is 
presently being processed to moisture-prcof these installations. 


A number of measurements malfunctiored as a result of the failure mode 
Of engine No. 2. Tests are being conducted in an attempt te determire 
the particular faflure made of the transducers and signal canditicning 
equipment. Thus far, it has Leer determined that similar failure indica- 
tions could be obtained with a diverse number of unexpected envirenmental 
or failure conditfons. 


Fifteen temperature measurements failed as a result of the engine No. 2 
failure mode at approximately 412.9 seconds. Of these, 12 hydraulic tem- 
perature measurements were believed lost due to at least ane wire from the 
common +28 vde regulated power supply keing shorted ta its shield or to 
the structure, Some of the wires from the power supply to the transcucers 
were located in the aree of vehicle station 42.57 meters {1676 in.), 
stringer 108, where damage to wire bundles was considerec tc have occurred. 
The other failures were considered to have been caused hy transducer open 
circuits. 


In addition to the 15 temperature measurement failLres discussed above, four 
Pressure measurements did not exhibit normal shutdown characteristics at 
engine No. 2 shutdown, These measurements provided gcod data until engine 
No. 2 shutdown; however, after engine cutoff, they did not indicate expected 
values. Data indicated possible open transducers ar cpen circuits. 


An apparent failure occurred on the measurement monitorirg switch selector 
telemetry output. Investigation of the problem indicated that the wiring 
between the switch selector and the telemetry package, whick runs by ve~- 
hicle station 42.57 meters (1676 in.), stringer 1U8, probably caused an 
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open circuit and was associated with the engine No. 2 failure. Swttch 
selector operation was verified using another measurement. 


All measurement failures associated with the engine No. 2 failure made are 
grouped separately in Table 19-3. 


19.2.3 S-IVYB Stage Measurement Analysis 


There were 604 flight neasurements scrseduled for the S-IVB stage, Of these, 
four measurements were not wholly an the S-IVB stage and nine measurements 
were waived/scrubbed prior to the automatic countdown sequence. 


During Phase I (liftoff to parking orait insertion) there were ten neasure-~ 
ment faflures in flight. During Phase II (liftoff to S-1YB/Spacecraft 
separation) there were nine additional failures. One measurement which 
failed in Phase II is considered questionable in Phase I. Eight measure- 
ments had improper range and two ware questionable. Five of the waived/ 
scrubbed measurenéents provided useful data during flight. Based upon 

59} measurements active at the start of automatic countdown and wholly on 
the S-IVB stage and ten failures during Phase I, the measurement relia- 
bility was 98.3 percent. Based upan 59] measurements active at <he start 
of automatic sequence and 19 failures during Phase II (including the 10 Phase 
I failures), the measurenent reliability for this period was 96.8 percent. 


Measurements waived/scrubbed prior to laynca, measurement failures, measure- 
ments of improper range, and guestionasle measurements are summarized tn 
Tables 19-2, 19-3, 19-4, and 19-5, respectively. 


Failure of measurements C10-403, £°152-493, and £209-401 is cansidered to 
be assoctated with the engine fatlure to restart anomaly, and these measure- 
ments are grouped separately in Table 19-3. 


19.2.4 Instrument Unit Measurement Analysis 


There were 338 flight measurements scheduled for the Instrument Unit. Of 
these, two measurements were waived/scrussed prior to the automatic count- 
down sequence. There were no faflures in flight, either partial or total, 
Six measurements had improper range. Both of the waived/scrubbed measure- 
ments provided useful data during flight. 


Based upon 336 measurements active at the start of launch and no failures 
during flight, the reliability was 100 percent. Measurements waived/scrubbed 
prior to launch and measurements with imorover range are summarized in 
Tables 19-2 and 19-4, respectively. 


19.3 AIRBORNE TELEMETRY SYSTEMS 
The telemetry systems of each stage of tie vehicle operate independently 


of the other stages. These systems modulate the signals from the measure- 
ment system onto RF carriers for transmission to ground stations. The 
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Table 19-3, Measurement Malfunctions During Fligat (Continued) 
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Table 19-4. Measurements With Improper Range 
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Measurements With Improper Range (Continued) 
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Measurements With Improper Range (Continued) 
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Failed during Phase I? 


Remained cuestionable during Phase 11 





different modulation techniques employed provide a means for efficient 
transmission of a large quantity and variety of measured data requiring 
different bandwidths and accuracy. There were 23 telemetry links used to 
transmit flight data on the AS-502 launch venicle: six on the S-IC stage, 
six on the S-IT stage, five on the S-IVB stage, and six on the Instrument 
Unit. Performance of the telemetry systems was generally satisfactory. 


There were approximately 4.4 seconds of real time data lost an all S-IC 
telemetry links due to RF blackouts. Critical data were recovered, how- 
ever, by airborne tape recorder playback. The $-LI stage, S-IVhi stage. 
and IU lost approximately 1 second of data on alt telemetry links due to 
RF blackout during S-I¢/S-II staging. None o° “hese data were recovered 
since tape recorder >layback did not reach this tine period due to a pro- 
longed recording seriod brought about by S-II extended burn time and in- 
sufficient recorder playback time. 


A summary of the telemetry system performance is presented in Table 19-6. 
19.3.8 S-IC Stage Telemetry System 


There were six telemetry links used to transmit flight data on the $-IC 
stage: three Pulse Anplitude Modulation/Frequency Modulétion/Frecuency 
Modulation (PAM/FM/FM} links: one Pulse Code Modutation/Frequency Medula- 
tion (PCM/FM} link; and two Single Sideband/Frequency Modulation (55/FM) 
links, Transmission of data from all six links was generally satisfac- 
tory during flight with the exception of three significant cata drapcut 
periods when data were lost from al] links. These data dropouts cccurred 
at approximately 146.0 seconds (2 seconds), 149.2 seconds (1.2 seconds), 
and 152.3 seconds (1,2 seconds), and corresponded with the RF blackout 
periods discussed in detait in paragraph 19.5.1. Data from the AF] and AF2 
Tinks were recovered from the airborne tape recorder playback. 


The interna. calibrator within the 270-chennel multiplexer assembly for 
PAM/FM/FM Tink AF2 initiated a sixth calibration step, appraximately 

26 percent of full scale. after completion of each pregrammed five step 
calibration sequence. This resulted ir 83.3 millisecands of interrupted 
data on each PAM channel after each inflight calibration. No further hin- 
drance to data transmission was exhibited. This condition was noted prior to 
flight and a waiver granted. 


During ground checkout, the frequency af the upper and lower band edges of 
the PCM/FM link RF assembly were found to be above their specified limits 

by 2 kilohertz and § kilohertz, respectively, This out-of-tolerance con- 
dition was waived and produced no adverse effect on the PCM data transmitted. 


The signal strength fram PAN/FN/FM link AFT became erratic and exhibited 

a marked reduction in level at approximately 350 seconds. The incident and 
reflected pewer measurements for this Tink indicated an erratic mismatch 

in impedance between the Yoltage Standing Wave Ratio (VSWR) monitor and 

the RF multicoupler at this time. It is suspected that the problem is 
associated with the cable interccnnecting these two components. 
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232.9 |pcmyen duration eg Beproas 0 
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Programmed inflight calibrations indicated that all telemeter channels 
were within the accuracies specified. 


19.3.2 S-II Stage Tetemetry System 


There were six telemetry links used to transmit flight data on the S-II 
stage: three PAM/FM/FM links, two SS/FM links, and one PCM/FM Tink. 
Transmission of data from a1] six links was generally satisfactory with 
the exception of expected dropouts during 5-IC/S-iI staging when al] data 
were lost. These data were not recovered by airborne tape recorder play- 
back for the reasons discussed in paragraph 19.4.2, 


Selected measurements and oscillograph recordings were evaluated to deter- 
mine the proper functiona? operation of the telemetry equipment to the 
black-box level. This selective review verified the proper operation of 
the telemetry equipment. 


Four programmed irflight calibrations indicated that all telemeter channets 
were witkin the accuracies specified. 


Transients were noted on several channels of both SS/FM telemetry links. 
Compartson of the data processed from all sites verified that the tran- 

sients were the result of a stage problem and not a data processing pro- 
blem. Studies are underway to determine the source of these transients, 


19.3.3 S+IVB Telemetry System 


There were five telemetry Yinks used to transmit Flight data on the 5-1¥B 
Stage: three PAM/FM/FM links, one PCM/FM Tink, and one SS/FM link. Trans- 
mission of data from all five links was generally satisfactory with the 
exception of expected dropouts during S-iC/S-II staging when all data 

were Yost. These data were not recoverad dy airborne tape recorder play- 
back for the reasons discussed in paragrapa 19.4. 


The performance of the PCM system was excellent. All multiplexers were 
properly synchronized and tneir outputs properly interlaced as confirmed 
by the reduced data. PCM was utilized as the prime data acquisition 
system. 


The performance of the PAM system was excellent. There were no systen or 
component malfunctfons and synchronization was good. 


Performance of the FM system was excellent. The Voltage Controlled Os- 
cillators (VCO) performed well. VCO center and band edge frequencies were 
well within their specified limits. 


The SS/FM systems performed well during the mission. The SS/FM trans la~ 
tor calibrated as specified, and all calibration signals were clean and 
easily distinguishable for evaluation. 





19.3.4 Instrurent Unit Tetemetry Sys tems 


There were six telemetry Tinks used te transmit flight data in the IU: 

one F/FM/FM link, one PAM/FM link, one SS/FM link, one PCM/FM link (VHF), 
one PCM/FM link (UHF), and one POM/FM link which used the Command and Com- 
munications System (CCS) transponder. The three PCM links al] transmitted 
the sare data. Examination of available data indicated satisfactory per- 
formance of atl links with the exception of expected drop out during 
S-iC/S-11 staging when all data were lost. These data were not recovered 
by airborne tape recorder playback for the reasons discussed in paragraph 
13.4. The reflected power in the FM/FM/FM link measured by the VSWR was 
above the specified 9 percent of the forward power; however, this measure- 
ment was above the specification prior to launch. Transmitted data were 
of good quality and indicated low noise levels. 


Performance of the PAM/FM and POM/FM (VHF} links was nomina}. All data 
transmitted were of good quality. Because of the abnormal flight profile, 
no satisfactory data were ayatlable to check out performance of the 
redundant UHF and CCS PCM systems, 


The performance of the SS/FM link was satisfactory. The reflected power 
far this link was above the specified limits prior to launch but dropped 
to within specified limits after approximately 200 seconds of flight. 


19.4 AIRBORNE TAPE RECORDERS 


The airborne tape recorders recorded and stored for subsequent transmis- 
sion portions of the data that would otherwise have been lost due to flare 
effects or visibility constraints at receiving stations. Not all of the 
recorded data were recovered due to factors discussed below. A summary 
of vehicle tape recorders is presented in Table 19-7. 


19.4.1 S-IC Stage Recorder 


One two-channel magnetic tape recorder recorded data from the S-IC stage 
AF] and AF2 PAM/FM/FM telemetry links during S-IC/S-II staging. The re- 
cord and playback commands were initiated on schedule as shawn in Table 
19-7. Bata were recorded for approximately 123.7 seconds. The duration 
of the airborne timer which initiated playback was 24.7 seconds, falling 
within the design limits of 24 41.5 seconds. Airborne recorder playback 
amplifier gain was within specified limits of +3 decibels of the 
corresponding real time data. 


The 3 sigma noise errors for recorded links AFI and AF2 were 2.73 percent 
and 2,08 percent of full scale, respectively. This compared with respec- 
tive 3.50 percent and 3.85 percent of full scale noise values for the 
AS-501 flight. 


19.4.2 S-II Stage Recorders 


Two two-channel magnetic tape recorders recorded data from the BFl, BF2, 
and BF3 PAM/FM/FM telemetry links and selected discrete data pertinent to 
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Table 19-7, Tape Recorder Sunmary 


LINK RECORD TIME PLAYBACK TIME 
RECORDER RECORDED |(RANGE TIME, SEC) (RANGE TIME, SEC) 





LAUNCH PHASE 
5-10 Recorder 50.18] 





S-I1 Recorder 74.74 
No. ] 483.67 


S-I] Recorder 74.74 
No, 2 483.67 


S-1¥6 Recorder 135.16 
453.46 


IU Recorder 135.55 
483.46 








ORBITAL PHASE 

S-IVB Recorder 

Playback at: 
Tananarive di ay A: “f 2560.75 
Guaymas O. 3 eK 5774.75 
Tananarive . 3. ; 8210.55 
Hawaii 8219.75 -95 110,707.75 
Guaymas 10,707,935 
Hawadi 








* Ground command. 
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” the separation sequence. The discrete data were time division multiplexed 
by the BT multiplexer, and the playback was transmitted on the BS] 55/FM 
telemetry link. 


The record and playback commands were initiated 2s shown in Table 19-7. 
The recorders and associated hardware performed zs required, with tne ex- 
ception of the record/playbeck capability due to the extended S-11 stage 
burn time. 


Due to the extended S-II burn time the only receiver station to receive 
playback data was Bermuda: hence, this cvaluation was limited to the flight 
data received from that station. 


Several problem areas were encountered because of tre prelonged S-II powerec 
flight time. The narmal record periods arc 85.04 secor¢s for S+1C/$-IT 
separation and 58 seconds for S-11/S-1VB separation followed by a 100-sec- 
ond playback interval as determined by S-I1 stage onboerd timer 3. This 
time sequencing was to ensure that the recorded calibrations occurring 
approximately 18 seconds prior to S-IC engine cutoff and approximately 

18 seconds after S-IJ engine cutoff would be returned in addition to the 
separation data. However, since the S-II stage burned longer than nominal, 
the record intervals for recorders ] and 2 during S-]1/S-1VB separation 
were 103.93 and 99.48 seconds, respectively, rather than the nominal 

5R seconds. It should also be noted that recorders 1 and 2 stopped re- 
cording 17.2 seconds and 6.82 seconds after S-IT engine cutoff, respec- 
tively, instead of the nominal 23 seconds. The recorders were stopped at 
these times because tape on the supply reel was exhausted. Additionally, 
since the playback incerval was limited to approximate.y 100 seconds and 
the recorders play back backwards neither the S-IC/S-I° separation data 
nor the calibration 18 seconds prior to S-IC engine cutoff were retrieved 
during playback. No catibration data, therefore, were retrieved on tape 
recorder playback for comparison with the corresponding real time data. 


To ensure that these problens encountered on AS-502 would not recur on sub- 
sequent flights, Master Change Record (MCR) 5669 has been initiated to 
disable t'mer 3 by tieing back the output from the timer, thereby e]imi- 
nating the 100-second limited playback interval. Although this would not 
reclify the failure to record the calibration cycle 18 seconds after S-II 
eng'ne cutoff, which is a function of the amount of tape in che supply 
reel, it would ensure retrieval of S-IC/S-I1] separation data and the cali- 
bration cycle 18 seconds prior to S-IC engine cutof*. Presently the tape 
recorders are equipped with sufficient tape to cover a burn <ime approxi- 
nately 40 seconds longer than nominal. 


The analysis of the tape recorder system was accomplished by evaluating 
oscillograph recordings of continuous [RIG channels of BFI, BF2, and 8F3 
plus certain PAM channels of Multiplexers Al, A2, and A3. The present 
requirement is that the tape recorder playback shal] be within 3 percent 
of che real time flight data. 
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The data an tne continuous IRIG channels of BFl, BF2, and BF3 varied from - 
the real time data only to the extent that additional noise was present on 

the signal. Tae amount of noise present during playback above that pre- 

sent during real time data was 2 percent for SF] and BF2, and } percent 

for BF3. The PAM data atso displayed a nominal data level difference on 

the order of 2 percent for multiplexers Al, A2, and A3. The comparison 

of the calibration levels for the IRIG channels plus the PAM channels was 

not performed since no calibration data were transmitted during playback 

due to the extended burn time. 


The discrete measurements transmitted via the B71 multiplexer were analyzed 
utilizing a 3 percent trend tab and oscil?¥ograph recordings. These were 
then compared with the PCM discrete tab for correlation between the two 
data links. Analysis revealed that the 120 sample per second discrete 
measurements correlated with the PCM data and the noise content did not 
exceed the 3 percent figure. The 12 sample per second discrete measure- 
ments transmitted via channels 24 through 27 of BT] multiplexer, however, 
contained excesstve noise nat evident on the PCM data. Further analysis 

is required to resolve the source of the excessive noise. The cavibration 
Was not transmitted during playback. 


19.4.3 S-I¥B Stage Recorder 


Three of the fourteen available tracks in the S-1¥8 tape recorder were 
utilized to record PAM/FM/FM Jinks CFl, CF2, and CF3 during S-IC/S-11 and 
S-I1/S-1¥B separation. The recorder was commanded to play back the re- 
corded data after S-IYB first cutoff. Five of the 34 available tracks of the 
S-IVB tape recorder were utilized to record the PCN/FM telemetry link in 
orbit. 


Tape recorder performance was generally good throughout the mission. 
S-IC/S-IT separation data were not recovered due to the extended S-I] burn 
time for reasons similar to those previously discussed on the S-II stage 
recorders. The tape recorder recorded al] analog data on fast. and slow 
record commands and played it back for the t‘mes specified with the ex- 
caption noted above. Although the orbit was perturbed as a result of the 
S-I¥B overspeed at first burn cucoff, the ground track timeline over re- 
ceiver sites recording S-IVB tape recarder playback data apparently re- 
mained close to nominal since nearly 90 percent of the airborne recorded 
data was received on the ground. 


19.4.4 Instrument Unit Recorder 


One two-channel magnetic tape recorder recorded data from the IU DF] and 
OF2 telemetry links during S-IC/S-11 and $-I1/S-IVB staging, The recorder 
responded properly to record and play back commands. The quality of the 
playback data recefved by Apollo Range Instrumented Aircraft (A/RIA) was 
poor, probably because of poor signal reception. S-IC/S-II staging data 
were not recovered due to the S-IT extended burn time for reasons similar 
to those previously discussed on the S-II stage recorders. 
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19.5 RF SYSTEMS EVALUATION 


The launch vehicle RF systems consist of telemetry, tracking {including 
C-Band, ODOP, Azusa/Glotrac and CCS), command, and television systems trans- 
mission and reception. Not all of the data required to perform a total RF 
analysis were available for tais evaluation. 3ased on available data the 
overall performance of launch venicle RF systems was good. Measured flight 
data with few exceptions agreed favorably with expected trends. Telemetry 
propagation was good, as was tracking performance. Due to the extended 

S-II burn period tape recorder playback was not accomplished, and data lost 
during S-IC/S-II staging were not recovered, as discussed in paragraph 19.4, 
Preliminary data indicated that the Command and Communications System per- 
formed well, Insufficient data were received to evaluate the video system, 


19.5.1 Telemetry Systems RF Propagation Evaluation 


The telemetry transmission system provided the means “or transmitting modu- 
lated measurement data from the vehicle to the ground receiving stations. 
The RF carriers were chosen to provide an appropriate balance of data trans- 
mission capability to handle the quantities and varieties of data origtnat- 
ing on the Saturn ¥ yehicle. The performance of the telemetry systems on 
AS-502 was excellent, 


Gross main engine effects causing attenuation and Signal strength fiunctua- 
tions were observed between 120 and 145 seconds at Cape Telemetry 4 (TEL 4} 
and Central Instrumentation Facility (CIF) as predicted. Grand Bahama 
Island {GB1} also experienced these effects due to separation flow up the 
side of the vehicle. The average attenuation at TEL 4 was about 20 te 25 
decibels, which was less than the signal strength fluctuation experienced 
by Saturn I and IB vehicles and was comparable to AS-501. 


A transient in signal level occurred at 133.3 seconds but did not result 
in any data loss. This transient was observed on the Instrument Unit OFT, 
DF2, DS1, And DP1 YHF telemetry links at GBI and is stown in Figures 19-1 
and 19-2. No effects were observed at this time on the TEL 4 recorded 
data. This transient is discussed in detail in Section 9A. 


A drop of approximately 8 decibels was observed on IU irks DF1, DF2, OSi, 
and DPT at 141.2 seconds, This drop in signal level was indicative of ap- 
parent antenna ionization problems. Antenna recovery on these Tinks was 
observed at 165.5 seconds. A drop in signal level fer 2 seconcs similar 
to that experienced on AS-501 occurred at 146.0 secancs and resulted in 
loss of signal from the S-IC VHF telemetry at TEL 4, CIF, and GBI. VHF 
telemetry effects in tre other stages were progressively less severe. Tape 
recorder playback data on the S-IC telemetry links at this time generally 
indicated an increase in reflected power and a decrease in forward power. 
The time of this anomaly fcllewed within 1.3 seconds of S-IC inboard 
engine cutoff and appeared to be directly related to this event. 


Staging effects at 149.1 seconds were as expected, resulting in VHF tele- 
metry cata loss te all supporting Faunch sites for approximately 1 second. 
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S-II stage ignition effects on the VHF telemetry systems ware observed at 
approximately 152 seconds. 5-1C telemetry links experienced greater tnan 

60 decibels attenuation at al] sites and approximately 1 second data loss. 
S-I] telemetry experienced attenuation up to 15 decibels, and the Instrument 
Unit and the S-IVB stage had up to 5 decibels attenuation at TEL 4 and CIF 
No effects were observed at GBI for the $-II, S-I¥B, and IJ telemetry Tinks. 


Three drops in RF signal level occurred at 165.7, 168.1, and 169.5 seconds 
on S-IC links AFI, AF2, and AF3. Duration of these drops wera 2, 0.4, and 
1.6 seconds, respectively. Since these three links are transmitted through 
the same antenna system, it appears that this antenna system may have suf- 
fered an RF breakdown. This effect did not occur for tne other S-IC VHF 
telemetry antenna system, The drops in signal level did not cause any lass 
in significant data since recovery to normal level occurred prior to tape 
recorder playback. 


S-II second plane separation at 179 seconds resulted in approximately 25 
decibels signal degradation of the S-11, S-IVB, and IU telemetry signal 
transmissign to the Cape sites. Transmission to GRI was not affected, 


Launch escape tower jettison did nat result in any adverse effects to the 
RF telemetry transmission, 


Jonaspheric effects were as observed on srevious flights, posing no threat 
ta reception of telemetry data. This phenomenon resulted in stgnal fluctu- 
ation to those ground stations loo<ing through the S-IT exhaust plure and 
was presumed to have been caused by interaction of the plume and ionospheric 
layers, 


Detailed analysis of S-I¥3 and IU telemetry data during the orbital flight 
phase was nut accomalished because of insufficient orbital flight data at 
the time of tais report. 


A summary of telemetry coverage from launch to approximately 28,800 seconds 
is snown in Figure 19-3. 


19.5,2 Tracking Systems RF Propagation Evaluation 


The purzose of radio tracking was the determination of the vehicle's tra- 
jeclory., The AS-502 vehicle carrfed severa} tracking transponders, as shawn 
in Table 19-8, 


Tracking performance throughout the flight was satisfactory, according to 
data received to date. No major anomaly occurred, although minor effects 
were abserved which are being evaluated to determine the potential impact 
on systems performance and possible improvement for subsequent flights. 


19.5.2,1 Offset Frequency Doppler (QOUP}. The ODOP tracking system is a 
phase-coherent, multistation doppler tracking system which measures posi- 
tion of the vehicle equipped with the ODOP transponder. The ODOP trans- 
ponder was carried in the S-1C stage of the vehicle, therefore CLOP tracking 
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Table 19-8, AS-502 Onboard Tracking Systems 


ONBIARD ONBOARD 

VEHICLE SYSTEM TRANSMITT=R RECEIVER 
LOCATION FREQJENCY EREQUERLY 
(MEGAHERTZ } (MEGAN RT?) 


ODOoP 
Azusa/Glotrac 
C-Band Radar 
ccs 





was limited to the flight of the firsl stage only. ODOP evaluation was 
based an limited data received from the MARGO station and telecon with KSC. 


The ONOP tracking system obtained doppler data for trajectory analysis from 
vehicle liftoff until 5-IC/S-I1 separation at 149 seconds. All ground 
stations maintained continuous track of the vehicle during this periad. 


The erratic data and large variation between predicted and actual ODOP 
transponder received signal strength experienced on AS-S01 from 35 to 45 sec- 
onds did nat recur an Lhis flight. 


S-IC main engine flame attenuation on the ODGP transponder up-link signal 
strength occurred from 80 seconds to $-IC/S-II separation. The flame ef- 
fects were sufficiently severe during the period from 110 to 145 seconds 

te cause excessive phase modulation of the interrogator RF signal, thus 
causing roisy data at the various ODOP receiving stations. This also 
occurrec curing the AS-501 flight and resulted in poor ODOP tracking analy- 
sis after 110 secores. 


Phase Tock between the groun¢ interrogation station and the ODOP transponder 
was lost at S-IC/5-1] separatior due to staging flow field. Recovery was 
mede shortly after staging, at approximately 154 seconds, compared to 

19 seconds on AS-501. 


19.5.2.2 fAzusa/Glotrac. The Azusa/Gletrac is an interferometer tracking 
system using doppler and FM radar techniques to determine postion, range, 
range rale, and range sum data with a hick cegree of accuracy. Because 

of the restricted number of ground stations, usage of the system is Itmited 
to coverage in the Cape Kennedy area. 


The performance of the Azusa/Glotrac system appeared to be satisfactory 

and in accordance with nominal expectations. The Azusa Mark II statior 
tracked the vehicle from liftoff to 200 seconds. The signal was margiral 
from 20% to 237 seconds, at which time the onboard transponder broke phase 
lack. Bermuda accepted active interrogation of the transponder at 253 sec- 
onds and maintained track until 724 seconds. About 35 seconds of data were 
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lost during handover to Bermuda, All data from the Grand Turk Glotrac 
station were lost because of a4 local oscillator malfunction at the ground 
station. Azusa/Glotrac tracking coverage from launch to 11,720 seconds 
is shown in Figure 19-4, 


19.5.2.3 C-Band Radar, (C-Band is a pulse radar system which used mono- 
pulse ground station equipment and was used for precise tracking during 
launch and orbit phases. Twa C-Band radar transponders were carried in 
the IU to provide radar tracking capability independent of the vehicle 
attitude. The transpender received coded ar stngte-pulse interrogation 
from ground stations and transmitted a single-pulse reply in the same 
frequency band, Each transponder radiated Signals over a single transmit/ 
receive antenna, 


Insufficient data were received to compile a comprehensive analysis of 

the C-Band radar system throughout the mission in time for this report. 
However, available data indicated that performance of toe C-Band radar was 
well within the requirement of the mission with the following exceptions: 


a. Data dropout occurred during second revolution at Bermuda and Redstone 
because of excessive azimuth rates and at Zarnarvon because of site 
transmitter nalfunction, 


b, Undesirable transponder response occurred during third revolution 
= ane Turk Island and Redstone, with complete data Tess at 
ermuda. 


The C-Band radar tracking coverage from launch to 17,100 seconds is shown 
in Figure 19-5, 


19.5.3 Command Systems RF Evatuation 


The AS-502 Command systems consisted of the Secure Range Safety Command 
System (SRSCS) and the Command and Communications System (CCS). 


19.5.3.1 Secure Range Safety Command Systen. The SRSCS provided a means 
to terminate the flight of the vehicle 7) Yadio command from the ground 
in case of emergency situations in accordance with range safety require- 
ments. Each powered stage of the vehicle was equipped with two command 
receivers/decoders and the necessary antennas to provide omnidirectional 


receiving characteristics. 
Available data indicated that the SRSCS functioned properly during flight, 


and sufficient signal was received at all onboard receivers to have 
performed the assigned function had destruct been essential. 
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Figure 19-4. Azusa/Glotrac Coverage Summary 
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The S-IC camera impacted at approximately 7:10 a.m. EST and was re- 
covered at 7:25 a.m. by helicopter from the recovery shtp. The capsule 
was tracked by the SARAH beacon from impact time and recovery was made 
46.3 to 55.6 kilometers (25 to 30 n mi) from the ship. Inspection 
showed that two of the ground planes for the radio beacon antenna were 
sheared off; three of the shroud lines in the drag skirt were broken; 
and the connector leaked, allowing water to enter the camera and wet 
the film. However, the film was still] usable. 


During recovery of the S-II cameras the beacon signal from one SARAH 
beacon was not sufficient for radar lock on, resulting in loss of one 
camera capsule, Drag flap and paraballoon, flashing light beacon, dye 
marker, and shark repellant Operations were all satisfactory on the re- 
covered capsule. The capsule landed within 13.45 kilometers {7.25 mi) 
of the predicted impact point, The quartz window of the recovered cap- 
sule was Shattered due to the impact attitude of the capsule, but there 
was no apparent damage to film as a resutt of the broken window. The re- 
designed antenna deployment performed satisfactorily on this camera, 


Films from the TY cameras provided very good coverage. 
19.6.2 Ground Engineering Cameras 


In general. ground camera coverage was good. Seventy-five films from 
the Launch Comptex 394 camera system were received and evaluated. Six 
items had unusable timing, one was an unusable track, and one was a bad 
exposure. In addition, five of the programmed cameras malfunctioned and 
did not ecquire film data. As a result of the above failures, system 
efficiency was 84 percent. 


The Eastern Test Range tracking cameras provided good coverage with tae 
exception of an erratic track of the IGOR camera at Patrick Air Force 
Base. In addition, these data were provided on 35 1m film rather than 

on the 70 mm film requested. The tumble rate of the S-IC after separation 
would be difficutt to determine from 35 mm film. 
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Figure 19-5. C-Band Radar Coverage Summary 
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